-- 






F ' 1 1 






(^jjaillj ^jlnaJflVI j-ajB lluLJ l£ji-a 4ij»-a]l <US Clla^at j^aC ^J»^' lSJ^ 

f 2 007/_ A14 2 8 o^LjJI ^ *-Sll cr 0 ^ 1 dh^ 

4 jliJIj J jjliill j toUxJI I^^A AjiJjl jluij Ajjaj s^iic. jLaJC.! Ig-ic. 

Cllgja. *-a (JjUjILj j ^ jljj] jj jxll Ojc tilLall Aij^A Uiajj ^-lll 
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^gjjatll (Jjl^i i\\ A_La3jJ (jjl*JJ La £JjLia]l oi& (jxj . Lja. jli. j a£1aa1I <_LaJj AiliLxs 
■ ■ U^ll A-aa. JJJ (jjLuJ ^° W^* J ' J^V ' AjaAjj j J J tj^ 1 < _ ? iC' *jl3JI 

dliill (j-a A_aa.jj]lj jc-alatll (_£ jia-all f.1 Jjj ^^Ic -IcLuiJ La-a 4A_1a1»JI 2 , a \ i. \j tALaLj-JI 

.JjLa ^ib al*j ^j*ll LSjlaJI -^jjj '— *\1 "S^J*^' ^jlUI <J! <-SJ^I 
AjiLjll a-uLuu]I» Iglna. jJill CiLuaill j« ^ t_u£ Ai£lij a1i.uL.u3I J.<u.>?j 

tAjjSllI litti ,J la jj*-a UaIIc L*a.jx JjVi jj£j ■ : ' ua ; ■ . ~'<N (Jjjjikl j .«AjjSi3l j a jixl] 
lilLi ^ k«J J3j t jj""'^ ail "Lalt Lja. _a-a LaLc LltjS diM3l j tLutxsLa. LltjS <jjUJI (jj^JJ 

La ^^Ic ALa.lq'ull j Aja-pl jkmVl CliLuaall <— n£ a L-uLj (J. <u . u ii tAjlc.j . j!i£l jl .laJj 

JjiLa ^Ljaj (j*al<ai. La£ iLaa.jla Uj£ (JJJ^J J a!£Ij A£. jn^> a 

ylL ^. ~ » /X Aluiluill o^A aJLojjL-o]l A uSjj j^j A i o\» II 

lillj (J I ■ i&II CllLj-al (j-a l—lt&ll jj^ ijl ' C3^J 1 . '"'^ S-lSjjl iJJ^- ^ J 

^ tj' J '2 00 0 *lc A*J jA^-a j3 jjfL Aj|j iUalLc a$J Aj^jj jjil>a]j iAjjajll 
Ajj!i£-a Ljjc aa.jJJ (jjll Aa m'lil (jj^J (jlj ta.lj.la-o Aj3 L-lLLaj i"n^; (j-aL-aikVI (JJj^a 
^ jj^ajM jjfLa (jl I Jjiilj Ail (jc. A<aa.j!La ■ " 1 ■ "J^ j I ■ 'I jS SI Lj-J <_s]| ^ill Ajtlllj 

AjLaC- ^3 aA l i ■) 1 j jl£llVlj A Uajl l (j£j «lj£^. < LutaJ 1 <Q 1J W'i 1 J ^i". i . 

■(eJjaJI c^J*-^l L5 JJ^-aJI «jLjj J!>U. (j* Aj^L-ajaVI Aj-ajd5l 
a ; uS3l (jx A£.j-aa-all oi& jjAk^aj sJjajui A j'lqill j a _al«il jj^*^! t ^Lall Ailia (jjj 

(J AjIUJI jail (Jjiaal Lplii ^1 J J^aJI ALaa.Jil] AjjjxJI 3 alalaJI jLil jl Jjl j 

' (jA^ajL^aklalt jjAa.jlai] Lplaiijl (jjuia. ^glc-J 4^l_)a.Vlj jJ^pJillj A*aJ^a]| j A-aa.j!ill 

tjl J^l LjJ ^ CS^ 1 A^ > aa-ai] A^akJI Alalll jj\ La£ . jL>jVI 
jjill AjjSjll j a jjja^l iA\a\) Ailia ^ (^Xaj iiSJj£j 3 Jalall U jL>jj 

.^jx}] (_J jla-aL <)Jjl ^JC. liLLJI 'ij^lixi Jualj jjsuljj 

-* 1431 JjVI 2 0 'c>abjil 
AajSail j ^ jkU jj jaJI Jjfr dlaJI AjjXa (J-uj j 
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^bJal j-all oigj A , \l Jij i_jLj£]I CSJAj .*La]l JLaalJ ojl&j j tL_Sjj^a]1 oLa] 

.L_ajji-all oU-aj ^Lall CsLiia AjLlji-aj Jj t . uO J (jj'Tlg a ij^aLkjil Jjj 
< i^J 4j3 ojjljll (JjLouJIj <!l£ji!j ti_illj£Jl fc j-'-^ _axs j (AjoijluJI 4julal\ Clliaj 
<*aJj-a CIloj iljulaW oAA> j .f.Lall 4inj (jlsUJ oAjOa. LlLiaiij ^lAlLaj JSl\ ^Ij^J 

• sLall JLa*l»J ojlcjj t(_Sjj^a]| oIaa] <La.}&la A -\ \\ t a j 

lilljj eLall 3 Ifc jj aJLoia] 1 ajl l Ljajl ^aJ La£ 2 , CjLuiljjJI j mU'U 2 y J \^\\ 

i] tAjAalSj ■ oU-a Sjljjj pLa]U J,';t-*^ ■ ■ \^ ■ u) jijc ^Ijjia dljl£ ^al 

^i^jaoa JLa-a (_J£ ^^3 ■ ■ ^ u >il j^a S-iLixJ ULal£ ^il . I g Ltf j i I gJa SUtx j ( < 3 j^ajl 

JLaaJjJ ojlfijj I_SJ*^»1! sUa! 4-a^alall <aJU Lai . J££ ,«--a l^lLal£x QAj 
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(jLiijj ^jaILJ! j jliaVI S-iLij ^_$xujll ^uiljll .1 ^"<,„^fl ^ i 

AlLoVl (>uJa SJj^jlII 2U,,„^I CjULuaJI jli t*lli J] 4iLjal toJjisJI Cjlit-all 
<Jj»J CjJjjI Jal .<lj^i_a]l ClULnllj Cjtkki-all j tlflAjuol] (JJflaJ Je J^jlSlI .i&LuJ 

Instructor Resource -M j Jc. jfclj www.prenhall.com £3>o jj .^j^JI 
(jj^ac. -o jaJ! J j (^Ic J jj^aaJ] Register Today Center 

■ l^al^Vlmlj jlj^ll Jj_>" 

. Loll Ajjj (J-?- 0 i_s^ OJ^'-iJ UJ^j" - ^ J ' U_> XJJ 

•<>> 
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1 Jyfltt 



^UjSI Jj^ lU^J J .4»Jjkll pLall AjjUII ojj^II c_L^J 

>! ^ JL^J ^j=JI ^£1*11 -lajLj J\ t AjkU! ^liJ ^ uM 

(Jjijauj .bda^a J^jlj jl cdiLull <Jj3 (J^alaJ jl (AjaJamll AjjLoSI ^jLawall 

L£ .(l-l JfLi) 4j*i^> AjjU CjIjjJ tjJ^ AjjLJI ajj-lll ^ jLouVI <_l^»&i 
AJjlcVl (jl JJC- leLaJU aUJI jj^aall <USj?JI sUaII mm n i CjIxasvjII <_Ha»J a jSj 
JjLLa]| ^gJI IgjujjJ >jj oLaJI 4 SI » n .ia-Jj .4_taJajaJI jjU^xaII <_s-Sc- 

^jll 4-jaJamll AjjUJI ^jU^all (jjij ^ill t ajia^t j»'-^J •o\juoll 

jljlal ^^Ic 4_JU1I Ajj-lall jl JJC- .c-bdl AjC- jj] LsL^a] ^jjni-s' AjUfUl Ia jSjj 
Jj3 lai) ii$A\ Ajj^all 4aU. 4_nlil ULa (-llc-Vl t^Ic uU j$jJI ijjsui sUjI 

a jSJ (Jaj ujj&aull ^)JC. l^Sjj-^a aLlA 4jj.}a1I ^cJl j >,"i . u Ia jjAjj .oLiaI] aljll J-iaJill 
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jgj (_Haj^ AjutiLa j^a Cl iL^L JJC Igj-llcjj ^Lall i^imh AjLaC j] .l^a-jiaJ 
. Jjjllrfl JJC- (JSjjjj c-LaJi al laJL ill ojlclj ( ■ UjujJJ cLa 

jxs jjj£ ^ji ^gjjl jLij?. jl jaiJ ( _ 5 ic 4JaaLa-ail .lajaj tt aUaJI jnqKM Jj 
ajjJ jli iiiili Jc j .Ifrjllcl ^ <-ajj-all aUa £jia e-ilc-l Jc CftJJX^JI jlgjVl 
4 Sam oLlo i^ftm IjxuJaJJ c^tjjl-i ^^^.^aljjAiA ^Uaj j-ajJa 4jt'u 4_}jLa 
lgja.jL j t qjqVllI JJC IgjaJbuaj L_fljjL^a]| ala-a £ -a ^ jj^J W^^* a J 

4_}La*JI aJlA jIjSj i jlg-Wl Aaijj t 4_raJsuJ *.U1I ^ ^jil Sja 

. Jgjll (_£ja~a jLoil Ajtiljll j.la]l J 
j 4jjLaJI j^JI j djl jJaull gJ Ij-ljlaj 4aJUuaII i—ajj^all all* £ ji> (j) 
(Ji.ljLjj .e-liaJI Aj-aijll CLlLiLttC. ^JjjJ tcliljjau jjJ L_ixl3 (_5^^J jW^VI ' " ^ .' ' " 
L-S-igj (jill jiUJ JJC ^OaioiVI olc) £-a 4_pjiajl 4jc- jj]I Cjli <=uUll oUaII 
^Jc. .laJxj 4 Jot ^-^"u nVl i-il U jj-atj Jjj s-LaJlj ^l*JI jj^aall Jj 

J ^ CLul£l c-I^joj <_aj^a]| oUa! <a,V<m\I <aJU-all jli lillil ^iVi j .«.laJI 
AjjUJI "ajj-jll J tli^-ji -13 t^jVl J £jla tljLjaj JJC J 4jViKm tllUaa-a 

. 4jli.l .all eliljoauJI j 4jjLaJI ijU! jaJI 1 > 4jxjjJala 4 ii 
4_djS/l IgJJC-jj Jj ^jj^ail bIia JUaj Jala 4 \\ t ^ 4 i_u£jJ £a-ui 

4\aJU-all J jiUa cLaJI ^l.aaJLJ ojlc.) ^ jlajll t ^ic ajJa^ U^a tbujil 

ellLal.^'iuil ^ j 4j3jaJI £.Ldl 4j^ij j t^LaaJL-uVI CllljjlaOj t4jc.l li 

j£\ jA j CjLu j jjaSI (jx 4jjtla]| 4\ia\£ll 4ja >sy\\ jiaU-all 4ja>jli tdl j j 

JJC V) Igall j] j^aJ V ^llj 2btlal| ^-XaVI 4^ jLpjL, JlaJJ ^jkl 4jSAa 
ojlc] jli 44ji*ll <iLa]| Jc <_llia]| jLljJ ^ 4jl Oil .4il£-a j^a-aj 4j| jj CjULaC 
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.1*51 j l^al (JjaluLall 




^jLuu^l Jijj (> 4ajU1! iuUll SjjjS j iaujlall 4jjUJ1 Sjj^I JaUj :1-1 Jl»i 
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CllULulaall ^-^J^ ^.i^..'"/^ ^JJUaII ^ajj . dljlill JajjJaj #.UJIj J1Q ~\*\\\ (_yLiJ^\ 




I 

till fl^w-l S^UI 

£jj j lJ j^afl oU»j >U31 ijUSSj Jji^j AluiLui^l j> jkll OjjUa o£ « :2-l Jl»i 

jg laj La£j .jjoiU-a JJC. (j£ ulJ #.Ia1I ^^"uhI ojlol Aili. 4jjL<JI Ajajll 

4jaJU*j 4 <iLail AjsJU^j tolrJIj tU^jljjOl^JI j ccUa^II » jk. jli 2-1 
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oLa! 4-a.lalall 4aJl» all 4-niij aIsjjjIaj j^s *.Lall |»l laJj i nl ojlcjj 4j3 jajl 

. C-Lall i ^-1*1 ■ nl j L_S^i-all 

AfrtiW A a ^1 jj £-a f jlail 4jjoiLoiVl ti^LuJI AlaliLa l_iLj£JI life ^ Aal 
J jisJ <_sla£ll lia> ^ AaAjJalall j 4jjD-»^\I C^UllK^II 1-1 J jA=JI £J-ljj .Aaau^JI 
Jojjj 4jjlLa ( _ 5 Ic ( . ill U\\ oAC-Loui J jAaJI I J1A L_ sAgJj Jjla jl _a<aj £U^al _o-a 
(_Jj3 iJllLall (JjJjj ( _ 5 1*3 . ^»LaJ&l AAa a ^jjJaj-a cJ_*a. 4(j-cull j<a djLa jia-a 

dlLluiLui) (j^al i dI i . ill (^gic L_la.jjj t(jii«K\l (J> s-\<{\\ £.Lall 4_}C_aj <UjIj.S 

Ua. ^jjli&j pLalL <U jiLa]| (jJal ^>-aVI J tAjJg->«\l CllL j > >it \l sLa> ale j ^LuuSJI 
j<s Clll jl")-^ a #.Lall 4-aiajl J ja. 4jjlln<i\l I " \\ ■* \\ l-i <\llj . llll jll j jLjjVI 

li& (Jja. t — 'I J ■ ^ a a 4jjo»Lai jjjJaaaj ^ajij (_£a!I (JjjjAaII (J > ^iqj .13 j .£jl^)ll (J> ,->q\l 
JjLijj (_£ill (Jj-aill (j* 4 jq > ^ j SjIaj liLljjJUgJI [£lLba (Ja&jul) (jl ^ _ajJa ^a-all 

. C.Lall £jjjJ 

CjlSajuij (jW.'n La ac-ljii j-a L—L^Uall jj£ jA (_J-al£all li& (_jLa "SU -9 jj 

eLul ^ j .i—yjUVl ^ ujUjouVI J ja. 4 Kj. (JjLoiAS a}*. *.Lul ^uLia. e-yii 

J jLuJ < _ g jH frl ja-Sfl (J^ajJtJ ' in jl I ; ill LI] AjLall j<a jj^J ^ '*Lall <aJUua (jjJj-lJ 
Jj^aill ^ aA^ all 4*llkall CjLaJ j oilijJ 1-1 Jj-^sJI ,J Aa.jAa1I *La£1I 

.^Ul 

oLw £-«a. A aW)\ (JSJ 4jj jjii tillij AiLtLall CllLajla-all jl l^>laj t^joitill 

LjaJl ^-aaJI A-oJajl l - 1AJ <a.jAlall ^j| jail j-ajJaJJ La^ .IgJaJlaua j ^j^^all 
all ^ic. jA^ll (-j jj^a oLuJ AjAoISjII AaJlatxll jSj . ^gluLall j jAj^ll 
^jll J ^aill LJAgJ ^ V j-al 4jaJI ^aJijVl jU liUi ^jit j cAjjaaJI 

lAA jl l^lajj .<_LiLi (JSoIj ^ jjJaj-all Aaiaij ^jA9j 4 <\h'iVI (Jaiujj (JjLui 
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A3j3ua 4j.il I!)' L>° LSJ^ cjjic- dilLlI Jj-aflJ! ^ 43 jj^a jaJI ^jaIAa!! 

4^-L-<3Jj i) c-Lall al laJL J ijjlc.1 L_alajj .uj^j^all sLaj ^IaJI 4aJl*A ^ja |_JfL 4jil£ 
4jC-jjj ^aJUuall lIiLIaC. £y& (J£3 ^LaLi Ia^S ( ■ lUaJJ Ia£ c4jvj\xa1I tllLuSj 

AojAj j ^Ull y& A a jaJal >a £jJLa1 ^-aJjUl CjlulktlL :1-1 Jjia. 



(_flj^a]| 9 La 



10 J' aill n_Sjj-o]l oLi« ^u. <Ldajl 


5 ill <«UI 2Ljc jj 




1-4 


ClL£jJI j Jji?JI 4 jj^aUxll 


1-2 


-rir.j,„ll-U;,^ll (iiUQle 


2-4 




9-2 




4-4 


4jjji-all 4_uLloj^1I Jjlajll 


11-2 




5-4 


Oljjlaillj LjjiSJ 


1-3 


l-^uVi ^lusa ljUujVI 

4jjj|j]| 


8-4 


SAi*l« cjUl j^lj CjLuI^LVI 

L^UJI 


2-3 




10-4 


CjLjjjjjill 


3-3 




11-4 


cjln^Vlj ulUJaD 


4-3 




9 ill 


«.Lallj SJ jjla (jJal^al 


5-3 


11 (Jj^aill tl_ij**all oU-o 4^JLa 


Ajj*-all dLujjjjill jl 113.1 


6-3 
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9-2 


Lpj ... 1 jl^l 

a JJ^JJJ J I H jlijj 1 j 


7-3 




10-2 


^ aJIJ Ajjjijall Ljj^ 1 


8-3 


CjljjJaillj Lijii^JI 


1-3 


jlfrjVlj J jl^aJI ^ (-iLuijVI 


12-4 


, • 1 


2-3 


dl j-ja ;ll Lii.jljj.liA 

^UljiJIj 


13-4 


oUliSVI j t . ill ^ ^11 


4-3 


Aj3 jaJI oLvall La. jl jjJjA 


14-4 




10-3 


<loVI l_JJjol]l oLlo £JJjjJ 


1-5 




11-3 


4 q; hill e-LJI £jj^ij 


4-5 


AjjJ^JI Aj£j^J 


12-3 


di jU lJuj^II 


5-5 




1-4 


6 (Jj-aall toLuJI £J jji A <ih')l 




2-4 




1-4 




10-4 


-AC JjgJI-Ui^l CllClt 


2-4 


1 all dAjlj^jjoj 


9 ill 




3-4 




"i.AjLi]l L^iall (J>-lM I -T-t 


4-4 




5 ill 




5-4 




6 ill 


AialSJI L^liVl 


6-4 


*LJI ^JU^ 


7 ill 


<£jji] (_£ JJ JJJ-aS (JjK"l 


7-4 


1 Lj« j IgJjI^J j ' a^juoll oLia 4 alajl SjJS 
1 2 (Jj-aall 4 1 fl'i'il u it j 




9-4 




5 ill 








9 ill 


7 ill c^UI a^JU^ 



25 





10 J— ill 




1-2 




11 lUsII 




2-2 




o-Vl) pH 4 u^^ll 


3-2 






4-2 






5-2 


14 J' <a»ll i«.Lall ^llViJ o^lt] 


jlxll AjjUjj 


6-2 






7-2 


till il^La AiLjal i jj,^-ll oLlo a ^ 11 » ^ 




8-2 




Aj^)J^-a]I <Jjl_LQJ^il <11 V^t 


11-2 






1-4 




-Ac jjJI-iai^all Clliic. 


2-4 






9-4 
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2 (MA 



sLlsj eLall AaiioJ JjLuJ »1 j«J^\l J_p. CllLajLua (Jj^aall lOA 

Aj£.ji (Jjljjj ^^ill Jjj^aaU 4-a^La£ CluJajC j a jl"^ o CllLiLu ^ Jal .uj^j^all 

i ; ^ aJlc. ^J*J V l^j j£ I jlaj teLall 4jjU<u£JI JJUull 4i jltall 

. < — fl^jj^aJI elxa ^ji Aj^jJaaJI SjLal] i— L-a jj AjjjJaaJI CIsLi^^aII djLiAjuiil 

^-'J.'"*' " J^- 3 ^ ^ elil jj^jll j 4_niill 4_ia&I Auialia <-luj Ijoilj 

CjUSj^lj jjiaJl j j^aUxil 1-2 
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Ia jj-ajj 4L_fl^all aLwj ^LJI -Uj&j ^ -U.'il, *ill ji aliaJ eLajuil 1-2 ^ij J J^?JI 

aJc& jjAjfi ^^"lunj . Alal£ <\ll l^jljj'j AjuLill l^jljilSjj W^jj^J 

^ LS'^J U&jJ^ (jjj <jt*] -W^W ^ (jjj jA t^jill jjjll 

^1 jc. (^£-1) ^IjiiL 4jfc jlaj jjill ^jjjll I^Aj .(jjjLjill o^a. jl (_gjill (jjj*' 

.^1 j& 27.0 jA (Al) ^jjlaEiU ^ji jjj a-Jj |»! jc. !>liaa . j. ^wW ^ j i jjj 
. jalSill ^^Jc c£jiM ujj-1 gjLiJ jLowi jj^aj*l\ j^jj lS--*-"*^ ^I^aJI (jjjllj 

^x^skdc (j jSj (jj^. ^ t Jjjj jil | -^* ,s lI^^ j » al 1* H (j^rtj h"i 1 iijj t j^?- j jSill J 

(jjjLajll j a jj mi IK II j jjAjujj£]I j ClujjSJI j jjjjfUl ^.JJ ^liLoS t<iLna I j| ja l£J*-\ 
(JSjjj ^ LiJaaU UjjJaaJ £-a 4 Jjl j n -j£ dll^Lajl (j<M >i OJJJ^ (_5 J*-*^ J» ^il V. j 
. jSlSoll Ia.1X=*J 4 m ,n AjUiUJ J^l J > .-■ It*, dlljj £-a La j> ,Vlt~. dllji .laJui .dsL£^a 
AJ lS^\ j (j^JJ-^g-^ *J-^ -^LvjI o j5 (_s^ c - I ' "1 1-a ji .Vir. jUvjI sj3 jA jalSall j 
(J-k-a <_J^ ij****^ 2 jSl^J 13 I j> >-i'ir. (jli lilli (^j^-J >1 <_£ jl--*j »^ ^ « ^-"-^ 

1 ^al£^ 4j j»_aJJ jj^JI JJ^jA 







tf jill jjjl! 






9.0 


3+ 


27 


Al 




25.0 


3+ 


74.9 


As 


c*-uj 


68.7 


2+ 


137.3 


Ba 




3.6 


3+ 


10.8 


B 




79.9 


1- 


79.9 


Br 




56.2 


2+ 


112.4 


Cd 




20.0 


2+ 


40.1 


Ca 





28 





4- 


12 






35.5 


l_ 


35.5 


CI 




17.3 


3+ 


52 


Cr 






6+ 








31.8 


2+ 


63.5 


Cu 




19.0 


1- 


19 


p 




1.0 


1+ 


1 


H 




126.9 


1- 


126.9 


I 


A* 


27.9 


2+ 


55.8 


Fe 






3+ 








103.6 


2+ 


207.2 


Pb 




12.2 


2+ 


24.3 






27.5 


2+ 


54.9 


Mn 






4+ 








100.3 


2+ 


200.6 


Hp 




29.4 


2+ 


58.7 


Ni 






3. 


14 


N 






5+ 








8.0 


2- 


16 


o 




6.0 


5+ 


31 


P 




39.1 


1+ 


39.1 


K 




13.1 


6+ 


79 


Se 




6.5 


4+ 


28.1 


Si 





107.9 


1+ 


107.9 


Ag 




23.0 


1+ 


23 


Ni 




16.0 


2- 


32.1 


S 




32.7 


2+ 


65.4 


Zn 





.jilSoJI ^Jc tf jj» (^jjfl i*u<3 £jU ^ jLuu (jjaU! Ojjll) t^^l (*) 
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^lUI JS.uu3 £-a wT ' <J f J^- 2 u^i J^Uj 1 <J jji^l j 

i^jj j! 3 oj^a ^al£jj ^lajj jjoill u^-sj -(NaCl) ^ jjJ _j*-all -ijjji^ ^jLill 

^jj^aJ! (jjjJli . " <_J_3-a" ^ Sal ■ ajj j! ^^JJ^aJ! (jj_J^-J 4j1J _J U ^J S^aUxJI _ji it 11 (jl jjl 

• 18.0 g <_£ Ljjj- 0 "^' l>° iij* j 58.4 g ^Ajj ^jjJjj^J! iijjK] 

JJJ^ ^j-ajJa sA^jS 0 waxJI 1 j 1 <a» J jill £ja »^^« dAj «AJ » a j» 

IgJ <j^Lk eLajai! CluiaC-l .iS j t jj-laJL dlUi .nVllI ai& jIjuoJj .<allk-a ClAjJ^a. (j«a 

L^lLlx^aJ Ic-jjUl jj.laJI 2-2 <Jj.laJI hi .(OH ) (J^-^ JJ-^-B ^ J'""> a 

<iLa]l p-l^aJ^ ,j AjuLjo <JjjJafr^/ t - ll l^^a (jfr ClsUUj 3-2 J j-laJI j» SaJ ■ " '1 j a 
4«.Lall 4 \\ x a AjjI joj^H jl^a-ail £jLai ^J-i] •tlH xu J^ 

.„UI M-^ </ c?ill Ca(HC0 3 ) 
1-2 JUu 

Fe 2 (S0 4 ) 3 <yk 3-2 J ja=JI SjJ jB ^ j^B Aj1j>JI uj 

1-2 Jj^aJI iSJ-^ Ujj^ ^l^aajoiljj 

Fe 2x55.8 = 111.6 

S 3x23.1 = 96.3 

O 12x16=192.0 
400 g J 399.9 g= ^>JI ujjJI 
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.(-6 Uj^a 4-JUaJ ajjUj^ 



2A\ ^ la utl l 

400 

6 

66.7 g = yl^l DjjB 



oUaJJ ^U^l J^l 2-2 

jj^I l$jll j£« (^il jaII liK&ll liA ^JJj .CjUjjVU IfcJj jLlj jjia. Jjj 
Cl~ t jjlSllj Na + jJ.Jj*-all Jaa>V -Uj/^ ililiauill Jje ^ 3JV .1 ~J 

. SO 4 c^lij^ll j NH^ t^jjS j-Vl j Al +++ jjiAl j 

dlbji jjSI jj 4 11-2 SjSall ^ eja.j-a]l <ill& oUaII 4jjJa-<JI (J^tsaM 
j^aJI jl jirt\r \\ (jjjJ Jjlaall ^jlSl ^jc S^lc JJ»jj .(Jjla-aJI S.lia*a 
i_u£JI (j^uu a AaJLuij j .(mg/1) — J l$J _>°JJJ eLall ;> jil ^ CllLal jioLalb 
1 4 j'qnWill (j^aljC-VI (jjjUa^s jA j c(ppm) (jjjLJL *.l ja.Vl J^C ^\ln> .-i* 

CjUKjj .1000000 mg uj^ »^ t> 1 J <J\ I j^i '(mg/1) 

1 _J jLoui ^al jll ja teUo 1000000 mg ^ mg 1 (i jLau (mg/1) <jli <j ja.1 
j! Ljajl (j^AJj •(ppm 1) ij\ «.UJI t>a Lijj (. ja. 1000000 / J Ljjj «. ja. 
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y&A* t(meq/l) Jilll ^ (Milliequivalent) ylfLuk<u Jjk-a ^ SjU jj^jj jc 
• <_j£ja1I jl jiaJI jl ujj^U (j^IaJi UJJ^ 



:(mg/l) -Jl t> (meq/1) ^jLoo. jIoj 
meq/1 = mg/1 x — - ; = ; ; (2-1) 

'ri/ mg 1 
meq/1 = mg/1 x = (2-2) 

jji^ j ^.LwJ 4jalU! jl jjVl <JI jSll ^io 3-2 j 2-2 j^=JI 

dsUlall ojiA AijlLs (j^AJj •^■^ >aj Luljoj^ ^jWi 4-2 J J-^?JI JS-^J 



* Ull <ji AijluaJi AaJLuJt jjiaJI :2-2 Jj.ia. 











^tfl 


18.0 


1 + 


18.0 


NH 4 " 




17.0 


1- 


17.0 


OH" 




61.0 


1- 


61.0 


HC0 3 - 




31.7 


3- 


95.0 


P04 = 





32 



48.0 


2- 


96.0 


HP0 4 " 




97.0 


1- 


97.0 


H 2 P0 4 " 


^Ljii i 1 - il q l 11 j3 jjjjI 


97.0 


1- 


97.0 


HSO4" 




48.0 


2- 


96.0 


S0 4 = 




81.0 


1- 


81.0 


HSO3" 




40.0 


2- 


80.0 


S0 3 = 




46.0 


1- 


46.0 


N0 2 " 




62.0 


1- 


62.0 


NO3" 




51.5 


1- 


51.5 


ocr 





LUJ» 










N.A. n 


12.0 




C 




100 


600 




A1 2 (S0 4 ).14.3 
H 2 0 




26.0 


78.0 




Al(OH) 3 




N.A. 


17.0 




NH 3 




N.A. 


178 




(NH 4 ) 2 SiF 6 




66.1 


132 




(NH 4 ) 2 S0 4 
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81.0 


162 




Ca(HC0 3 ) 2 




50.0 


100 








N.A. 


78.1 




CaF 9 




37.0 


74.1 




Ca(OH) 2 




N.A. 


179 




Ca(OCl) 2 2H 2 0 


^ j u ii IK 11 


28.0 


56.1 




CaO 




22.0 


44.0 




CO 




N.A. 


71.0 




PI 




N.A. 


67.0 




CIO, 




79.8 


160 




CuS0 4 


a ill 


54.1 


162 








35.6 


107 




Fe(OH) 3 


\) i n's j jJUA tills. La 


66.7 


400 




Fe 2 (S0 4 ) 3 




139 


278 




FeS0 4 .7H 2 0 




N.A. 


144 


Sjjla 


H 2 SiF 6 




36.5 


36.5 


N.A. 


HC1 


(tlLjjJSjjAjA) 


29.2 


58.3 


Sjjlal! Ail J 


Mg(OH) 2 




16.0 


32.0 




0 




N.A. 


48.0 








N.A. 


158 




KMn0 4 





34 



N.A. 


82.0 




JN aAl(J 2 




84.0 


84.0 




NaHC0 3 




53.0 


106 




Na 2 C0 3 


j, ^->\l dilj jjjS 

(|j jj^alt jLaj) 


58.4 


58.4 




NaCl 


ajJ^jA-all JjjjIS 
(^jLill £lLJI) 


N.A. 


42.0 




NaF 


^jj^jj^all Jjjjla 


N.A. 


N.A. 




(NaP0 3 ) n 


a J^J' ^1 


40.0 


40.0 




NaOH 


\l i j jJUA tills. La 
ajjjjj_all 


N.A. 


74.4 




NaHC0 3 


ajjj^l 


N.A. 


184 




Na 4 Si0 4 




N.A. 


188 


SjJ li 


Na 2 SiF 6 




N.A. 


158 


SjjJSII ill j! 


Na 2 S 2 0 3 


a j; \j' all 


N.A. 


64.1 


sjjisii ill j 


so 2 


CjjjAll ,1j in^l ^Ij 


49.0 


98.1 


4 ji J-i.n-tll (Jj^3«J 


H 2 S0 4 




N.A. 


18.01 


N.A. 


H 2 0 





. iyi ^ N.A. (•) 



AaaJxui sUa! (j-iLjjuS JjiaJi :4-2 Jj-^> 



meq/1 


mVl 




meq/1 


ml/1 


cWxll 


0.81 


9.9 






108 


ijjjsji 




2.2 






0 
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7.6 


(pH oIj^Ijj) 




0 






0.5 




2.15 


131 




0.10 


3.9 




1.79 


0 






0 






35.8 






0 




20.0 


7.1 




0.20 


4.6 






0 




0.55 


26.4 


<-,Ut,,. 




0.10 






220 






0.2 






5 


( ( * } NTU) -JU) SjjSe. 




0.13 






0 






0.10 






5 






0 





.(Nephlometer) j^sa o-Uiaj SjjSc (*) 



i_u£jj1! U>,hU<< Jjl^ (^c- (mg/1) 4» u^.i ^utlill ^ 

1-4 (meq/1) JiilU ^il's^^L IJlc. ^tiill ^ tdiil j ,U f U ^U«j£3I 

I LaLaJ (jjJjLuila Lj jflj (jl ' ■ AjlliLa dlU-ui^ ^ j . (aJLuj jjia.) dlU JJJ^IS 

cjUU J) oiL^a 1-2 JiiJI «/ Jaja ^ a uj -in 1 ^ (meq/1) 1 j£ 

<ijj-a 4jaUJjll Clsli jijl^ll (j-a jl*JI i L-all UJ^J '"'"'J^ '4-2 Jj.l?JI ^ o-ijl jll sLaJI 
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Mg" 081 02 




0.36 Mg (HC0 3 )j 



4-2 J ji?JL; 'Jh** »U« Jjkjl (meq/l) ' -i=^-« :l-2 JS^ 



a.laC.1 a (_^a AjlUlj _ja!I dllj JJ^U 4jjJal josVI CIiI^L^jV! Uii (jl (j^AJ 

(_>a .*U ajjaiC All J CjIjLqcI ^ <uaU sAjLa CjL&jaII sOA j .1-2 J£*i2l La£ 

S j^aJI j (meq/l) 2.15 jUi [Ca(HC03)2] ^ jjjSU * j^c J 1-2 

.(meq/l) 0.45 <j jU5 (Mg(S0 4 )] 4£U jjj^I 



2-2 Jlii 

16.4 ^jjjji-a '(mg/1) 29.0 :aj£M g3l53ll oU» i^ad 

171 djbjjjlij t(mg/l) 17.5 fj^tijj t(mg/l) 23.0 ^jpj*- '(mg/1) 
t> j^ljsK J> .(mg/l) 24.0 '(mg/1) 36.0 '(mg/1) 
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.CaC0 3 _S (mg/1) _L 



1-2 *H**1I f hVh,ib 



(meq/1) 




(mg/1) 




1.45 


20.0 


29.0 


Ca+ + 


1.34 


12.2 


16.4 


Mg+ + 


1.00 


23.0 


23.0 


Na+ 


0.45 


39.1 


17.5 


K+ 


4.24 




2.81 


61.0 


171 


HC0 3 " 


0.75 


48.0 


36.0 


S0 4 = 


0.68 


35.5 


24.0 


cr 


4.24 





<0.02 cNaHC0 3 <1.34 cMg(HC0 3 ) 2 d.45 meq/1 'Ca(HC0 3 ) 2 

0.45 meq/1 <KC1 j t 0.23 <NaCl '0.75 tNa 2 S0 4 
.2.79 meq/1 = (Mg+ + + Ca+ +) S>-*ll 
(3-2 J j^) 50.0 = CaC0 3 -J ybZA CjjJ 

2-2 4jaJ jjj 

140 meq/1 = 50 x 2.79 = S>-*ll 
1 .40 meq/1 /Ca C0 3 = S>-*ll 
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pH <Uux**JI ^J J J J^J 2 3-2 

jLuia jja. JJ.li$JI UJi$ ' j^J^ 0 ^ij^a ^-?-J-^ (H 2 0) *-LaJI t*KsjJ 

(^juuLJ) .AsJ j J^jjJjA jjj ^^Jaau *Laj| J ^1 I jiai J .(mol/L) 10 ? —1 
.LoLla. eLall jii*J t ( 0 t (jja.jj.liA (jjji (_)^ 

H 2 0 ^H + + OH (3-2) 
pH = log-i- (4-2) 

Ln J 

AjjJaAaJI *La.j.l (jji '7 c5jL"U 10 (^s^ La jxiiLn 1 SI ^aJJjlc- j] (jl ("n^ j 

.7 (5 jL-^ (u J i^) lMI ^ U PH 

1 JjjuiLa Jjjjjoi (joajjJagJI jjJ JJ^JJ eLall <_5-S] (J^»fl"» ' > «aj La-ojfcj 

a.iLa t al > ?ti La.lic. 4jli (Jd^t.II ^^Ic-j .pH 4-ljJa*ajl <L>J-2 j»3j (j^aliajlj <^Lillj 
jj£ jj (jhq-^'nuij aJojj jaII jjc. H + l— iLijJ £-« > a OH" t— jjI jla Ajjla 

pH (juLlLa ^jljJJ .pH 4jjJaAaJI *^.J^ ^LlijL) ' . ""'J La jja>jj.JAgJI jjJ 

•14 j 7 (jjj Ljla j-^jj '7 j 0 jjj (j . > ?-i < ^ » ojfci -14 j 0 j;" 

I ^jlS JL>-a I JU-a I 



^UaoiJI lOIjjH 4-2 

Ls ^\ jjl jiB Ajjlfrjll ■Ulali Ltii La <a.J-iJ <joijSc. ^LuLbojSJI tllvlclioll aiaa a jl 
aLLlaSL 4_k- jJ»-ajl ^USI Jfrlioll AjjaiilLiS .AajI jj j AleULall jl jaII jjSI jj J^aj 

tjjAill j^j JfrLiill 0 L>jl Jj^j B jl A j- J\ jj^jjJI ^ s^Lj "J\ jla <5-2 

<_Jc-lij jfr jjjxjII jiaJj .jLolJI jaJ JfrlllSI Mj^jjAii Djl C Jy^J^ *^Llj Laili 

.6-2 aLUJI (mass-action) - 4&Lu ^5!^ jj! jj ^ ^LuuS 
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aA + bB cC + dD (5-2) 



[C] c [D] d 
[A] a [B] b 



. JtUall UkU jj Bj A J ^ 
Jctiill g2l j3 D j c 
(molar concentrations) A^J^jA\ jj£l Jill [ ] 
j jl jail Cu^ £ 

4 t nW^'fiW LjUjl Jill 

<ULaJI ^ 4jo 4^jU1I j 4ic-lal<JI jl j-<JI J£ (jj^J (_>JijLaJla ^jU<ajS (jjl jJ ^ 
4jjjJac!iUI ,_^aL<^.VI (Jj^aJ .Jjia^a ^ lirj<\-\ IjjjfLj tl g i nq'i 4jj\jjoall 

(j^La^Vl (Jjfcj LailJ .^iii-all JJU-aII ^ AjaIIj 100 <luUJ (jjb J] (_>auiVl J 
elilj^^all (jjlj jjc. JJ«Jj .'Aj9JXjJa 4_luuj 4i»jJall ^fcljallj AjjjJa&^UI 

10-2 ^Jj 7-2 t> c^U-Ji .(mass-action) J*i - 4l& jjfcll UwuJa 

H 2 C0 3 ^H + + HC03 (7-2) 

[H ] [C0 3 ] = = 4 45 _ 7 25 = c j ^ 
[H 2 CO=] " 
HCO3 ^H + + CO= (9-2) 

^T^T =^=4-69x 10-7 25 C Sjj* **J^ (10-2) 
|H 2 CU 3 J 

eUl 4jjla ^Jj 4juaulLi cjU jjjill - CjU jjjIuII (jl jjj 7-2 * jaJI (jiali 



40 



<jLa]| « jojJIUI cjb jla 10 (jicl pH *js !>ll&a . J&1 jl jijjjUjja 

CaC0 3 ^Ca ++ + C03 
(11-2) 

I^VIS (jjojLaJla jjl jj£ clxJaLj Jjla oil ^ Igjljjjl j 

^_ [Ca ++ ] [CO=] 



[CaC0 3 ] 



(12-2) 



.(J*s - jjl jj ^ (K s CajUiS 4jLall SjLoJI jj£jj J-jj&I u^yj 
<'^j.ni U Uaj d&j K K s ^ jLau [CaC0 3 ] J <J^ J^ 1 O^J <^ J^Wj 

12-2 aLIxaII Auk. 

[Ca ++ ] [CO = ] = K K s = K sp = 5.0 x 10" 9 25°C i J j^a+jiSx. (13-2) 



Jctiill - jLjull ^ = K sp ^ 
t> Jal AjjV jj Ajj jjVI j£l Jill ^Ij u 1 ^ ' jj 

JSj^uj AjUJI aa4> .Jclioll ^jlj - jLjill iliifi ^ jj£I A_sj7 ><JI jj^ljjJI 

elsl jj£jj £»a (_g jl ui"n\ AjjjjVI Clil jjSjjll (j^aaljjj > _U i » jail ^jIjSjj CliljjLill 

jUjill jli (13-2) aLIxAj sLLxJI K sp a^uS ^Jl taLnJ j .^AA\ JjK *\\ 
0.000071 jif3 25°C S J J J ti J c^ 1 CaC0 3 -J Ajjkill 

.7.1 mg/1 jlmol/L 
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JLjJLjAjSlI iliUj! jail CaUUal jjjxj 

olasul jaa-iul i—Sjjl^iII eLiAj *.Ia1I A -s \\ r a ^ AjjUa^II dL^Lc-lioj) ^.aaJLaU 
Ic-jOjj (Jjlall ja£l jj .J jla .nil jpj al ja £■! ji.1 ^-Sjaa lillj j AjjLiaj^JI dsljjl jail 
jylall 4iaxjJa dil jlc-j <— LiSja j c4j| jj joe. c_bJ jj Jj^ nil ,Jk d^lc-laol! «-l^aV 

.JjI^aJI jA lax. jj jfLoa 
uw jail il£lclia 

A Jjl j -j£ jl ja 4iU^aj JOE 4jjC.ja jac. jl ja! c4jl ji JOE- ( ■ ball jj jaS uU (jj 

tdlj (J Jc Jllall j .^Ioao£1I jjl jail oUal JJaiaJ Ic jOj^ Jjlall ja£l ^ AyWrM 

^lailail j 4s jj£*jI 5JI jV ^ jol^l Cjloajo^ (Coagulants) CjI joa^l flaiuJ 
tlL^lialla i -but j jll JSjou o*jj .jal£all Sjj*1« SjjauJI dibjal AJIjV ja=J 
Aalliall aJojoiI jj t-jojaijall ^lailujL JjIxaII jA Sale i_bJ jjll oaA Jl jj tAaaUaa^ll 
.Aaaaaa. JaLui jl jac ^IaSI jia Ic jaLo 
4jjl=JI c-IaII (jj .c-IaSI SjjaiC Al\ jj jA t— lb o jj (Jclial ^jJa jaSI JIoaSI jj 
jlaaJI ^gic. jjjia (-jojoija ^j Joaj ((sjjoic sLa) ^ jojoJISJI qa Aallc jaSIja ^jlc 

jac sjjaixll <ll jj CilaLc. ^ j .^LavVinirtll «.La1I t_jL£jj ^ <i_aajl&U g^l^ll 

AiLjaL c-Ull pH Salaj iS^L qa cdljj JoIU^aII j>A ^ jojoJISJI 4al jj ^aa ttjunjall 
^joaoII jao 14-2 <1jUa1| (jjl jail aUal joaijj t*lb t.n»i\ij .(CaO) jaaJI 

CaC0 3 jl ^j aJjIxaU j>AaVI UijLlI J>c Ja^Vl j=o ^ull ^Jll joAi) 

CaO + Ca(HC0 3 ) 2 = 2CaC0 3 | + H 2 0 (14-2) 
4o>jUJI tdla j AaolaoAll jI jaSI £_b^a ^aaa 14-2 ^fl tSliaS ^Ioao^ <1jUa jj 

( _ 5 ic Jl i-t\r. (_)£ dlljj JjC (_J jLaU lij AjjljOA JJ03UJ .l^OA (_)£ tllV JA Joc-j 4oa 

j»laiiJaj .(jAaVl i-ajiall tir lc- jj^aic. JS Cjljj jac ^ aJjIxaU jj-yVI <-jjiall 
^klioAll jI jaII djloA^ (-jLoi^J Aajjj^ll djlilUI J jaaJ j£<u jjl jail 4JjI*a 
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^LjSll ^IWill j jl jjll 4j^U-a Vi.nl aAaC ^ajujJj .41a 4^.jLaJ lillj j 

.(Stoichiometry) 4-uiaLij3l ^lx<u£ll J\ j > 4_pLaJjl ^Ic.) diLl .nVib 

<klila]| .il jJI tljlf^ JJ-iSil AlalLall jl jjVI fl-iauJ j£aJ <tl£l&\ij]| (jlaxj 

.(4-2j 3-2 cj71*JI ^1 ^j^jll ^ A^jliJI 
JljlkVlj S-iu^VI Cj^Uj 

4Fe + 30 2 = 2Fe 2 0 3 (15-2) 
.0 = (jJj O t> jaauai^Vl Jj3i.l LaIjj Fe +++ (jlj Fe j* Jj-iaJI ^ Sa\ 

] jj.li.laJ CjUjjI <lljj jA pLall A ^ \U a .J Jl jlkl - a.lu£l Jclaj jj 

jJjoiIjjjII djliila^j ^>l laj i nU a \ > n^VI ^)jc Jjiawall j-a <_sl.la]l [Fe 2+ 
^ j» JjJj^Ij jjll ^?-JJ l-ai}J o-^l J ^ia-jai JJ^=«JI U' aJ^J caJiA 16-2 (Jcliiill 

r ->g,uill jl -ka.^) . jjjiiail \i..£t ^Ij <J + 4 jal£j ^j + 7 jalSj j* cjUxla jJI 
jjc <3jUaSI jl ^1 I jki 16~2 <taU<-J *al jU^I ejLi.1 j* Voj ^.ikiJ 

jl j!la 

3Fe 2+ + Mn ( 7+) 0 4 -» 3Fe (3+) O x ; + Mn (4+) 0 2 i (16-2) 

( . u . 1) jail jac. J jla flll j-a jjiiiaJI \; . uSI ^Ijj ^-^Jl -lay^l^l ^-ixJ jj Jl jj 

.cUll ^Jjjjjjj 
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jjii. elsLijjjlj (ja^.jjJjA dAjjjl #.Lall ^1 ( al > ; (_jill (jha".\l 

Jki H 2 S0 4 4^J^' ' J^* 11 cW*- J** -L>^* V jk« t^tSlL Unn 

S Ajjla oi-a AiLjaL) ^^cla J jk-a Jni^nj .J jla all ^3 H + j SO 4 <— lUjjl 

H + Cllljjjl (jli Ajoij J jla all ^gjj a^c-lSj (j^aa. 1 tj.^il ili .*LaJI ^1 NaOH 
(jl \;^>J'" Lagjli l^'u AjalSia (-IsLu^ * " 13J 1 ^1 lijj t^Lall unjl OH £-a laJJ 1 n 
,^jVI (JUaII (JLvll J* La£ I j*s la ^ jla a (j^ £ uj a Ljaau 1 afl 1 2a»J 

2H + + SO = + 2 Na + + 2 OH" = 2H 2 0 + 2Na + + SO ; (17-2) 

Jlill ^Uaia Lj^lij 

t_lj^J La-lic- LpjLjj (j* VJJSJ Ajjlc- ^cjljj 4 LajJaLall AjjLuu^II CllULaaJI jl 
L_Sjj>-all j«a (jj^jjUll Alljij <— a^J Llj_4<aVI l)^°J • (Jjk-all (j-a jlill 

j±*.jjij J j^-ujj joaJI AaLjaL 10.8 <jja La pH — II jij jl . ^^ . ^1 1 

.NH 3 jlc NH; j> J jk-J ^ Lu 
NH ; + OH" -> NH 3 + H 2 0 (18-2) 

(j a elj^JI jLj (_k-^J ' " U^* t (j j iS L i a ll jLall <— SjJ-^all oka Jk-SLj 

a — a. JJC. (JLoiSH l_fijj-all ska ^jJaij La ^ o!ilc.l j<a ^^iaJj ^Jjll i_kJ 

.f.1 j^ll £-a ^^}klj J jk-all ja Lj _o«aVI jk (_!■ <aaj (illi (J^Lkj ^^)jll 

3-2 Jlit 

Ail — JaL ^ jilL *U1 s>-c All jV ^Luu^ll Jtliill 14-2 AhkJ j^ki 

£ — a A^Jdl LpaLjaj L-Jjlka t%78 IAj^S ^lii AjuoU JJ?-1I A&j^. ^^A La . JJaJI 

? f j,iuill£JI t> 70 mg/1 
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jli lil tf j^l^l ^ 40.1 g ^ (162 g) Ca(HC0 3 ) 2 t> Jj* 1 

fjpAStii c> 70 mg/1 

TOmgflCa" ^ g/mol Ca (HC0 3 ) 2 = 

40.1molCa ++ 3 

t> 283 mg/1 ^ 4 Ca(HC0 3 ) 2 t> 162 g ^ CaO 0- 56.1 g ia^u. 

JcliSLu. Ca(HC0 3 ) 2 

— x 283 = 98.0 mg/1 i> CaO 
162 5 

98.0 CaO 



0.78 



126 mg/1 = 1050 lb/mil gal 



4-2 Jilt 

a L-ijx^a l^aaLiaj Ls ^ll\ ^»JJJ y^al\ Ouji^jjJjA <j-a l^j jL ^£ 
el-La (j-a (jjllc- (jj^i- 0 (_J^ i^lj"n^)J>£il ,_^a-a^. (j-a 50 lb 5 4a3lfLa AjJaj^aw 

<>J! 

i«u NaOH t> J>a 2 jli 17-2 AhU-J J^l-L 
•H 2 S0 4 <> Ajjb 98.1 x 1 ^-a JcUaLo! NaOH t> ^ jL 40 x 2 ^ 
^rti=o NaOH <> 1^.1 j lli jb <jli 



98.11b H2SO4 
40.81b NaOH /mil gal :J 
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jj^ia ^gilS-a £-a (Jc\ °"n t n La oJC-lS (j-a ^.Ij ^IfLa (jli *njVi\l dj^ilfclij ^ 



401b NaOH „ 

x 50 lb H2SO4 



491b H2SO 
40.8 lb NaOH /mil gal 



5-2 Jtia 

1 mg/1 3Ja — ujI jj (Lji>j) -1"£jJ jl V (j^aJ JjiL^I Oj^sJI (>a mg/1 ^ 



4 Mn0 4 " l£ JjU* AuiSblai (3 X55.8 = 167) 3Fe ++ ' 16-2 SLU-ol! t> 

.(158 gjjUj KMn0 4 jjj) 

158 KMn0 4 lmg/L . n , _ 

= — => x = 1.06 mg/1 

157 Fe xmg/L 

A^UuSJt 4j£ jaJI 5-2 

4-£j=JI j . Jcliall J^«-a (Chemical Kinetics) aAj^I ^£ 

JJC. tl£lclij]l .(JjluJI J-al£ ^ <Sclila]l i^al] JjLala ^jjJ £-a j 

tjelij ^cjI jj tujiU lUiL^L IfrLjaj ^jij <lclala]l J jaII jUjI JSjL <juojixll 
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jli j>J (j^ j ijj^sl\ £>La c-UJI ^ji 4jjLaJI (JjUIajJI ^Joxa ( _ s Jc. lillj (jjVi'nj 

(first-order reaction) ^jVI <Jc^ 4_£j=» *<J*^I I^A <^fl AoiaLLoll 

eUt (jAjJa AjjUJ jJ jjjII j 4_uLaj£]| CjULaJI ^ dj^j ^all CjMclijll Ullc. 

Joxaj (zero-order reaction) 4jjja1I dL5lclaj iIl&cIsuII o^a (j^uuj 

A ( JetiSlI SjU) -> p( JeUaB t> ^) (19-2) 

: j& (>>jll A *l&aJ (jla £ ^1 ^ A jj^jj <j& C ^I^IoiL 

= kC= -k (20-2) 

(jA jll jjc- A j-^jj J-^*a jjiu jsh,d tlija. 

fife 

^ jJL (reaction-rate) Jc-^ J- 2 *-* = k 
Jj^aj jLl o^lc-j j (20-2) aJ^UaII aIaIIajj 

C = C Q - let (21-2) 
(mg/1) c? t>j y?1 A jj^jj = C j^V 
(mg/1) 4 A_S^jVl = C Q j 

> n a Jaa. (J^oiu 21-2 <UjIxa11j JoaaII ^ jL^aJI <_ujjj]I (Jc-liJ SaJaai n J^JaJ 

• tjAjl! £-a (j ail Vn A jj^jj (jl — & (JjaII cs-^J -2-2 J^lll 
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^ c 

i ' 








0 









21-2 4JjUa1I ikjjLal\ <SijA <> ^ja. JcUj (jijl. JcUl« JjS joJ Lki_» :2-2 <J£*i 

U^jia ( J^*aj (first-order reaction) ^jS/l <jj^>a]I il^lclaj j^Iuu 

: jj%-> <>jH t^J V*^ 1 C j£j3fl ^ DP (A-»P) 

— =-£Ci = -K: (22-2) 
dt 

log e -^= -fa J C=C oe - kt (23-2) 
Co 

^Lo^. jjj ^Jc 23-2 ^JjU-alU JjVI <Jc-L£ jl 

JjJa i JlC <iaaj J^l (JjiIaaII (_]^°J 3-2 (JSjuoll^ LaS jaJU jj^Jjoi 

J-ix* jli JeliSJI lla tlijJI JJJAJ JUlbj .-£C (_£ jL*J ^iV^I 

JjVI 4jj^>a]I (JcUj cjsta. (j^-«Jj .^jifLall A JJ^JJ (J--»^ Q ^ ">"'.) (Jcliull 

.(<_) 3-2 (JSjuoII) La£ ^j-ojjjIc. j] ' tJJJ ^jlc CliULrJI j^^J ^P^A 3 
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f> c ° 








1 1 

=3 a 
•3 of 






(t) 


0 





^ja. JcUi iteliwJI CiljLi. JoSljU Li^u Jjjjj yjU Jjjj ^fc JakL> :3-2 Jii 

23-2 <!jU- t<jr ljVt iiij-J) <> 



(JcliLall JJ^JJ ^P^A 3 ' . 1 ' ^ ' 1 "U J- 1 *-^ 4_u^>aJI Cj^lclii j<\"inn 

: Jcliull J^xa (JjSaui j .(2A-»P) ^ jSI gSialt J jVi^l Aja. jll 

— = -£C 2 (24-2) 
dt 



jA 24-2 mLUJ lU^j 

- - — = kt (25-2) 

C Co 



ui jjj ^ Sc. 25-2 4-S.iU-aSL JoaaSI j tAjjlfill Jclij jl 

(j-a j SI (J ALa (JcUIaII ^Sna j^J-^ f$ l— IjSLa (j] .4-2 (J^-^ <_5^ ^jJa j-a 
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,1(31511 AmjA (> <>jll J- ySja. <>Uj ^ i!cUi» SjU LjU±U jjS jj ^ u jli»l LliLa :4-2 Jii 

25-2 Hi*- 



ojl j — aJI jijJ V jl ^JaJjji "ojl jaJI ^LpjW 4jjUa}SJI d^lcliill J^a-a .ibjj 

2 a. j J jii ^LujL^I j) .CjI jliaJI jl Aiclalall CjIjSjaII AjiijjJI 

J i j* ^3 Cj^icUjll Aj,hi\Ij Jc-lioll Jo*-a tlijljj ojl j=JI 

^jLi — SI jjli 1 W. ii n j 4jL^>VI 4ahU-a Jo*j Uak. j .1889 ^Ic- j^ jjajAjI 

^ i> (Jcliall J^xaj ojl jaJI JalijjV 

T2-77 

k 2 = k l Q (26-2) 

jj ^ T oAia-a ojl ja. ^U-jJ Ai& J&lio]| J-la-a Cjij = & Cjja. 

.6^.j X? t (Temperature coefficient) S jl j^JI JA*-a = 0 

°c & J jaJi = r 

j3-_J lojl jaJ 2-?-jJ ^ JJ*J cJjta-a (Jclijll J-ia-a <Uu3 "AjJaj aJ^IxaII ^,<Min 

.ojl jaJ 4j*.j1 iSAsusl AojJal jjSl jl 4jjjjaJj 4jJJ-iSJ 4-ajil lis j ojp&j 

J5J kia ^ t " ll 7» J.1 (J-?- 0 j«i>*i IjjIj 1 IXmj jj-^! ojl jaJI i^jj (J-ala-a jl 

J 0 J^alx-al] j»J^aJI al^aajoiVI jl .L_ajj-sall oL-aj eLaJI tllULaC- jlu) oJllfr (jjaljJ 

( _ s jll 4 JJJjaJiJI ojlj aJI 4-^jJ j-a (+5 C) jjiii (_5jl ja. cJW-" 1 AjlAuJaj j-a 

4 JJ^JI ^ ^aatll j— -a <_JS ^ l^al.lV'u nl AjLiJI 4-aokll jl .AAajS lj lag] Clxa^lml 
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^ a jiiu (Jj^« (JcliiiJI J^«-a <-<ua t ftLaij jl c_ic.Ljaj j 1.072 ^ AjjU-ojSJIj 

4 jpu JjlLa & Jjboa <a}3 i i'^in jl t act » X) .10 C ajii ojljaJ! 

.15°C . jJsJj^ 
6-2 JUu 

50 ojja (jjjlil JcUS J^x* jVI (ja j l$ j=S Jc-^ <j] 

sj ja. Aa.jJ J ^JbliLa ajlal £ J^ca t-Uoiai .20°C UjJ Sjl ja. a jJ J 

mg/1 100 t> j^jUl tiJlij 1.072 aj^a Sjja. lW** Uoal^ 18°C 

10mg/l 
J*JI 

(_5 jLou 18 °C Sjlja. <a.jJ (j^l Jclid]| J^«-a jl ^aj 26-2 aLUJI qa 

18-20 

k 2 = 50 (1.072) = 43.5/d 

23-2 <tal*-<J! ^ViVmLj 

log, — = - 43.5 r 
e 100 

r = 0.053 day = 1.27 hr 

jlxJI Aaibjj 6-2 

jlc. eljudjuL c4jt-a JclajJ jl <iLal! J Mala till jlxSI ajax^a l_J jij 

JjLw *UI Jeliy V ^illj S jUVI jUu Sis. AjJI jLi: ^jill (CH 4 ) jlin^ 1 

<3^)a. j Ajuaa. (jfLaJj i_a^)j»*a]l 'oLaaJ ^IjA^/UI (Jlajll (jc (j1"n^ll ^Ilj Ajuilaii (jfLaJ 

jj> mi^VI j joa. j jiill iijj^i i — fl^LiJI ^ jLaujjll jljUil UJ .4jjljaJI 4W<i\ 

AjjLjj L-Luil V'n j . J j^a-a jl-iLaJ 4a3 (jLjjjj La^jji e.LaII LuLj-ajS ^Iclijj a] Laj3 
1-iir > >i ( " laj j . e.LaII (j-^ ^ "fl *' " (J^ 4juijLaJ (_£^ll T— itt * ^-a is^ulxa 1 Afc La 
£»a Jal <la.jOjj ajljaJI 4^.J-i <■_ s^jalj ij^u (jj^ maVl 4-uljjj (jjljJJ 4.1ia-a 

laa j l_jlla]l jj-> uiSVl ^Uj^j *J3 5-2 J J^aJI JflKiJ .(jjl^l jj^jj) jiaJI 
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OjjjK jj£l jj j Sjl js. dsLa.j.2 iJjILo jj-s > aSl % 21 tI>-o (jjfLa (fijlc (_£ J?- ^j^jJ 

Jc ^lijjVl J^*J ^ •> j'Vl (_£ jiajjUll l^T i >i\l JJ3U J-aJXJj jiajjlill Jail * >ill 
Ail£ clj^V 4jal^ Ai^ll jj£ C-HajVl ^Lu- A«i .cl jgJI AiU& (j^aSLij Jj^-a JJ*J 

(1 in.) 25 mm jl^Lu q Yn 1— »•»■ . jL Jjaii j^a j£-«J La t4j>nYifl\l <—iU . n-\ \l 
.^UG jVI J Sijj ^aS 1000 JS1 JiSj 

.«.LaJI J AjjjJaaJI jl jJI Jkj JJLswall J till jUJI J£jjJJ jl j}£aj 

ajAij^l J^?. Jc- ^ Jj" 1 '^ _>*^ 0* ^ J*j^jjj' v oj^pJLa]! j Lj_a^l h'l 

Jj .Llj^VI jlfr j£ ^-^^ ^ t^-^ -LuJI jl£ IjJ 

jijjJl _jj**al o-iljjj 4jj*JI P-H ■il'lj? thjj-a^M jy^jjUj L$ J.'*> all (__K»2kSil 

aU-a (j-a j^ajj _^kl jle- liSLiAj . jjiaSjllj Ujj-aVl (j*a!)Lijju>l ^JJ tlua JjjoiSjjilA 
^j]| <iaj|^)J <—S^)*J (_gjlllj ^(H^S) j^JJ-ll^JI JUJJ^)jS tlil^jS jA >r-i\l cjjj^all 

J] (J jaJJj <Jjla-a]l J LpLl/uSjjlJ SH ^C- ja?-c £EJJJ .Jjailill (_>aJjll A^jIj AauH 
(j£-9J jJjL>a]I Jj i jlfr J& JjK a\\ (ja jj^Jiij Isjjxu ClAJ H^S 

^UujAll (J^aa. J) H S s-IjujS! JJC t_lllljVI M^^La j£b Jl tiili j^Jjj jl 

.^j^ JiJJ t_iiUJI Jc j^i Jil > LftSil ajjLj jliaj (H 2 S0 4 ) 

^JSt'I ft laJLall I— iLlV jll J 1 al -jkluil oiuj^^All J-al _a*JI jp£l jAj 4 jjKll (Jfrlill 

Jl JiLaJI jjlSJI j>Ai .27-2 ^LaJI ^ t^JjlaJI cL&j jj;r' ,fl 

(JjLoill (JjaJjj Laa iJall J^pJ ^-aj •'^a _a«-jJa-a Aji^f j3 CllUI jViml J ^la-all t"ll l-i-^ <i 
iiJJ t4 (>a Jfrl pH tllLlJJ^ LS-^J i— aii-a Jjli-a J j .^Lall Jl (J^-^J j^C- Jl 
^clll (_gi]lj jjjjKJI (J>ia->j liLjjKjjJj^JI (_paA^ ^^>Vi^ #.La]l tljljjj^ ^-a J_aSSJI 

HOC1 J1»*UJ dua pH SI (jjbjl laijjj .ClujjK jngll Jjjl ajj^J 

<J^Lk $La]l pH ^-aJ3 (jl .9 4-aj3 jjl-?J -lie Lalj jjtiil ^ 1 1 a J j 6 j-a J5I ^»J3 (_g.il 

.SjL^ll cjUjl£ll Jia J OC1" o* ^kli JiSf HOC1 j! Jl I jki ^1 
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'jjjjj 760 mm a jJfl ^j*. kiuJa Laaj ^jau-u&l % 90.20 <i 



(mm) 


C S J jaJ 


DO(mg/l) Jjuo^l 


c 


100 mg 


mg/1 jjKJ! j£ J3 


10000 


5000 


0 


5 


o 


0.017 


13 


13.8 


14.6 


o 






0.016 


12.6 


13.4 


14.2 






2 


0.015 


12.3 


13.1 


13.8 


2 






0.014 


12 


12.7 


13.5 


3 




4 


0.014 


11.7 


12.4 


13.1 


4 






0.014 


11.4 


12.1 


12.8 








0.014 


11.1 


11.8 


12.5 




g 


7 


0.013 


10.9 


11.5 


12.2 


7 


g 


g 


0.013 


10.6 


11.2 


11.9 


g 


9 


9 


0.012 


10.4 


11 


11.6 


9 




10 


0.012 


10.1 


10.7 


11.3 


10 


10 




0.011 


9.9 


10.5 


11.1 


2 1 




12 


0.011 


9.7 


10.3 


10.8 


12 


1 1 


13 


0.011 


9.5 


10.1 


10.6 


13 


12 


14 


0.010 


9.3 


9.9 


10.4 


14 


13 




0.010 


9.1 


9.7 


10.2 




14 


16 


0.010 


9 


9.5 


10 


16 


15 


17 


0.010 


8.8 


9.3 


9.7 


17 


16 


18 


0.009 


8.6 


9.1 


9.5 


18 


17 


19 


0.009 


8.5 


8.9 


9.4 


19 


18 


20 


0.009 


8.3 


8.7 


9.2 


20 


19 


21 


0.009 


8.1 


8.6 


9 


21 


20 


22 


0.008 


8 


8.4 


8.8 


22 


21 


23 


0.008 


7.9 


8.3 


8.7 


23 


22 


24 


0.008 


7.7 


8.1 


8.5 


24 


24 


25 


0.008 


7.6 


8 


8.4 


25 


25 


26 


0.008 


7.4 


7.8 


8.2 


26 


27 


27 


0.008 


7.3 


7.7 


8.1 


27 



53 



28 


28 


0.008 


7.1 


7.5 


7.9 


28 


30 


29 


0.008 


7 


7.4 


7.8 


29 


32 


30 


0.008 


6.9 


7.3 


7.6 
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C s JjJaJI ^ li-affl Cilj (uSK c , ^> -(29.92 in.) 760 mm jjc hj*. ijiui ^ ^Uiyi (*) 



760- p 
.mg/i — j s 



OWjiB = C , 



.mg/1 — J I jJL« t J j-lail [> Sjja. Claj ^U^yi = C s 



C1 2 + H 2 0 ^ 



pH>4 „ 



pH<4 



HC1 + HOC1 



Jf§± h^OCI 
pH<6 



(27-2) 



1_£>UJI «-\ jA (ja %0.03 AoiJ-oj La <_l^y UJ^J"^ 1) > a£l (^jlj (jl ^aC-jlLj 

^LJI £-a 4j jgjou 4jclij ^gj] I^Jaj cc-Lall »LvajS ^3 Ljjjj I JJ-i * ; IxL 4jl Vj L£j?-^ 

ajjjaj ^JJ jl ^IjgJl (j-4 C0 2 (J^al » al aJJ . dlLl jJ jfLlJ j ClAi jJ j£ Jjia. !A£juLa 

Ajua Jclajj $.Lo]l ^ ^ J > aJ La-lioj .^Loll ^ AjjjJaxJI SjLal] <Jiaj jjc 

C0 2 + H 2 0 ^ H 2 C0 3 

H + + HC03 

+ CO: (28-2) 



^pH 4.5 



Clllj_jJ jSojII (j£,uai lilljjJ (jJ^J '5.4 (j -0 cs^ - ^ Z. • ' a * La-lifrj 

^Ifi (jj .Lyjaj 3.8 pH jjL>J lij CjbjjjS jia. J jajj Ujj.1) ^1 j 

pH «s.Lol1 jjg aJi tjli IjJ t^Lall <— njUl jStij L_njoUJj l.ia. ^tj-lc. ,\u>i^l 
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jUdc.1 (jfitAij CaCO^ c T Jjai jJ Ijjj^s <_J£jaL)j jjuj& s.La CO ^ (_s ji^ll «.LaJI 

.liiLa j LtMiUa ajjaixll All jjj pH A-aj3 «.Lall <L>3U-a iIjUI jaJ 

7-2 Jli» 

jjK jj^JJ j 18°C Sjlja. A=>.j.S lJjuII (jaauai^^/l jjSjJ jA La 

?( f js 4000 £l£ J (^k) 660 mm.ji^ -Li^ c^u j 800 mg/1 » j^a 

^j—S 800 mg/1 _j ^USyil yu JJ&\ j£J> J 5-2 J j^JI <> 

^ jLou 18°C Sjj^A+ji 

9.5 - 8 xO.009 = 9.4 mg/1 

J j-laJI ALU-all ^.VVhnU ^ 660 mm S ^ jaJI JaijJall ^.lauL^hj 

.5-2 

C:=9.4 660 - 16 = 8.1 mg/1 
760 - 16 

JLjjfifl 7-2 

sjjIxa ^jC-Jj (jjll AjUt.1I o^A ^ laJL uJ .Aaolill pH diljaij 6*.lj3j ^La Aijc. ^\ 
ajjl*-a dbaJ lij ^jjujLoil JjU <\1 6jjU-<JIj (jJija Ajjlall Lai .pLdl AjjIs (jAjS 

JIjjII (^jic ^jjJj 1 in II *ijui^jj.ljAj (^lj"n^)j£JI [jhfl^ 1 (pH 7) j^aj ^La ^Vnr. 
ALIS Aj] jl tlllaLjal ^jl ^jj .(l5 — 2 (_&>^) ^ ^j-iaj* La£ iijjla-all ^ la. "i ^ ^jSjjoi 
jA <_l ^'i-s LaJl .pH dJeljS ^ Alaj^ia cllljjjijj tjhuTun sjjIxaII o.iLaJI <_j-a \^s* 
ajl.iC-1 <-lllj_aJj£ll Cllljjjl (j^s (Jlc ^jl JJ^J^ iSjr^-i ajjla-all ^^ia-La 

. jJaLa e.La ^jJ-Sjjl^sII dlljjJjS AsL-iaj jjx 
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,_^aia-J (jJ^. jjJj^JI jjJ fj^ij «(28-2 4j.Ajc<i) CllljjJjfLljll (JS >*n\ (JjljjJjSlI 

Jl CjU jjjSJI jjia. J j^2j Uoj& 8.3 4i<ua jJUj jl Jj cLiaujij pH —II 

• 4.5 (j* (J^ 4^Ja ( " laj lilljjJjSJI 
dliai 4(_1 ^j^iall A^jia-J bjjUaII j& (jt 5-2) jSjillj •AjljVl CjU jJ jSJI (j* 

.jjAjll J) jLoull (jx aUuVLi 28-2 aLUaIJ lis j CjU J) UjjOi 

OUi£l jlj] SAiauLall 4jjjj7l ^J»^iH£ J jla-all J ja. jaII jl jaJI jl 

Igjlj jLjuIj jllj Jiclja jl (jiaLaaJ AiLjal (jiS pH SI 4-»jli« (^^JJ jJI J 

• Buffers aiala Jjl^-<u 

(jl Jl I Jaj t ts joiLoil ^al ^j^jL^all aU-a j $.Lall frU*j£ J (JclsG agi jj 

jl jjJI C^cUoll j frUll <=JU-a ptiil J *jj jll 4jjLia£3! tliilclsull t> 

J Ja )<\\l jj . <\j^ In j i >i Jc- .laaajj pH S AjuIj ^j^)j^a]l aLfa 4 \\ t a ^jjc. 

jj .7.8 Ia jjS 4al jl pH 4-aJ3 (5 i Ijbn'i a^joic. jjj alxal ^gA.jjAj a jjU-o ^Kin 
jA ^lo^/l JiiaJI J jk-J jl Jj 8.3 J 4.5 pH aJ§ (_5.ii ^WlJ dAaUaail 

jlaaj^l JJ^J jl ^ iViflll ^Ualil JjSj Ja^^Ljj . dilj jj ^)fLiJ — diljjj^ j»Uaj 

Ji^X<JI 5-2 Jlill) cdjljjJjlull ^Jii* Jjl^a ^^iol J151I jC 

J j^. j jl JjlL^a l^juin j (-j^aJI aLw j aLiAll a jjU-<j]I JDLa. 

(H 2 PO " • HPO 4 , PO 4 ) djlLu, jall£ <Lla U j£\ J SjIc jjS CjUS^ 
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^^-aUaj 1 (Jjla-aS 4 ^jl J e, (J jla^a oj3 je jjjxjI] AiL^)la A-faUaill) >( ^allaj 
^j-a laJ j jal ^ji IfrtaLu La jl *6ja jiall ja^jjOi^JI d lljjJl jpa ^.1 j J je ^gie 

4iLjji3l g^ t> f l> 0.98 (jk. H 2 S0 4 J jk-* t> ^Lkj 0.02 j .J jk-J 

J jVl s jk^J jj£ j (4ho^ u jjB t> 0-02 <*4j ls^I j t^isM 

Lai .8.3 JjUj pH fjS <_gJj J^jj-a jll ^pa. ajjU-all Ajjlall A*ijj<a CjLuxll ,J 

*8.3 t> Jal aJj! pH A-ai cjlj 6 L>a aJU ^jVl S J c^LMI jjkl 

Ajj L_Ljjl j^ll j .4.5 ^lfj » j^ 0 - 0 pH A-ajS ^gjl J jx^a jll ^^ja. ajjU-aJI jgi 
-Uakj ^ jL (jx jSUll L^-al^ajjoil j£-aj Slia>-a pH Aie Lpjl J^MJ A.ul jaft 
(jjl J J^JJ .AojJoa^JI AAj.il O^LLa J.^Vhnl aJJ aJ I ij a^A a jjlauall Ajlgj 
La£ i8.3 A-bJaxia ^ij lie. jjlli j»J^e ^ J > <~>jl (_£ jA jJI jjM j^ (jJ^Jsl 
lie (JJ j^ll (^.iLajll (j-a iJjluJI ja^.I — (J jjujjjjoi j-ajjJI ji ^r*.! £tJ j^s UJ^ Jj 2 ^ 
jjl JjaLj .4.6 0 pH Aj . ^i^ j lie ^jli ^ jA j ^Jj 4.8 \:^i a , *3 j 
j^s 4 (Jj"n <\\l ja^.1 - (Jjjoujojujj-aj^jll ^tjj-a 0° -^-^ <J-j-*^ l)/'J^^ cs^^-W 

t> 0 jaJ llA jj .4 fSjll Aie ^ jA jll jjlll (^Ij 4.6 pH *3 j lie ^Jlai jjll 
Ajjlall (jc. LuiSi jj*jj .jJLaljjjall AjjIL AjIJ jLiu 8.3 Ajjliill 
*LJ Aise aJ .k^V .29-2 AkLualL Lpe ^1 j t jllL CaC0 3 CjU jiaku 
t> 1 ml jla ajjU-all si-all ^lk0.02 ^Jbj g^a^JI ^Lwlki j 100 ml U 

• 10 mg/1 IAj^S 4jjla JlaJ ajjU-all a^Lall 

= CaC0 3 mg/1 —j S j^La Ajjlall j 
50000X0^11 ^jUt xi ^ UJI SjLJ l c> (29 2) 

.«.La CllLue AsAj^al\ Ajjlill 4 hY\\ a £j . a] (^Lu 6-2 J^^'j 

Jal 4jj*J pH Aj. a^aaJI ^ij <jl£ .28-2 aJjIxaII ^-a jj£lall J£oiJI iaJJJJj 

Ajjla (jjaJj ^1 (IjLuaJI j .CjLijJjlu Aiuu^> ^3 L^ial^J Ajjlall jla 8.3 (> 
jJlaaJjjjilL ajjlx-all j 48. 3 (j-a jj^I pH |=aa L^aS jjSi CliljjJj^ajj diljjjj^ 
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Ajjlil ciiljUalkVi ^hVinLj .(OH") jo^JI ^1 isjxl 4a*£A\ ooa (J J& 

:6-2 Jlill <y ^ul^wJ! 



*2 (T~ P) = C±i jtj. j 2P - T = a^S jjajA (I) 
l 2P = t= ObjjjS (^) 
ir- 2P = dA^jluj 2P = cjbjjjS (£■) 

.r = (.) 



1 



jJbi) 



SjjImII Jal»j ^ylc bLjlkol «.Lo Cjljjc ^Jjlill (j* Allii-a (J S ui V (^j^U JAii !6-2 JSji 



59 



8-2 Jti* 

0.02 q>\<\~* f\ AaJLaiU ^JJjis JH-^ 100 ml sjjU-* cIuj 

jjj t jollaal jijilL SjjIxaII Ajaflj J_^a jll 3.0 ml ^aVl L-ilkj .^j-aUaj 

— JjjoU^joi^ajjjll j> ^i-nI ^cJ_>a (jjS JJ*J J_^ajl3 l£J^ 12.0 ml t <J>^ 

3.0 x 0.02 x 50000 „>., . ... .. ... 

(CaC0 3 S jj^) 30 mg/1 = 

15.0 x 0.02 x 50000 _ ^ _ 
100 " 
(CaC0 3 _£) 150 mg/1 = 

4 6-2 JLSB J! ^ JLj 
60 mg/1 = 30 x 2 = (C0 3 = ) ^jlill 
60 - 150 = (HCO3 ) CjU jjjIuS ajjISII 
90 mg/1 = 

jjaufl j ^LjjiJI 8-2 

eliLull (_Jlaj (jc 4jjjJa*JI Ajjg •> ^ CliljjjJaaJI j jUiaiJI (Jill nj-s j 

UJJ^ ".ib 1 " 500 j 1 (jJJ L - >^J^>*^W Wt^] J^-Ai ls-^ '"^.U.'"'^ 
i " \\ <\j > \l a^A (j^s (jjfLoll (_g J^>*^ ^jj-^ UJ%J •L£ , ^ Jt ^ J(3 a ^l-laJlmlj l^lijj 
Aja 2am 4A.LuLttJ ^."i <\Ti l^la aJ^iaJI ( " it <ij 1 \\ jl ^1 Ijiaj cAjjI^JI c.Lall llAj 
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■ ^' AsU.m I^jUj ^ 4Jlaill jis jjjj V ■ * 'j^ ; Igjjj Aimi'iMj ojjj^ 
dAjjjc. j (Hydrophobic jj^ja) bLaIJ <Ia jl£ dibj^ij cliLjjiJI 

.(Hydrophilic (AaLajjOjA) aUJl 

sLaII ^Jj CLillijaJ Igjia. ^1 CjIaiSI liA (J j*Jj cAojIj oLaI! 4j^a]| CjLjjill 
aJIaVIj .IgJ ^Iajj jl (j^AJ ^^ill AjUajJa 4 '1^. mi J J?J LSj*^. Cfi j - * 

.^11 (Jj-saj ^JcUj^I Cjlikiall it-Jilll pLiill cjjjL^all ilillj ^ic 4ja.j>jAj]| 
^LaII AJfc jl£ J j1s*aSI ja Igjll jj L-Uu f->\l (jA jli oLaI! 1$Ja. i_UjuiJj 

4oa^ Jl« 20 j JUal 10 jjj ^jl jjj diljaa (jA CjUaS LJlc- Igjll jj < . iHjjlj j 

.ala^U 4j^a]| J jaJI lilli j tftLall <aJUtA ^ LaJaj <a1Vimi J CA JtLaJI 

4 la mi 1 Ujjuaj ^IaII olaj Jja ^1 oUaU <Ajl£JI diUujataJI V 

6^j^.ja]I 4j j . >ti \\ j <Lj j > ^ir.^^UI S^LaJ! a iaa o j .(JjLlaJ! ^ 1 g I» aj <LjjLjg£ 

Sjjja]! (j jill (17-2 Jiull) jgJaJ .iaAjl! liA ja ^ sj£*]| 4 n nMI «.U3I ^ 
jlaajJI . >>ti jc. aOi*J a^jaAJI ClilujaJI (J JLu .sUaI] <Ajl£ll diLijjiJI ^ 
LS lc 0 jlAA 4jta. ja eliljjjl Jl ja. j jc AoiiLill 4j£LaJI AjjLjj^SJI jaljj]| <_£ j9 ( . 11 mi; 
^ n > ^Vm jy-^-C- j.i.'^ ju j^-jaII lillj jatiill a j3 4juiu . JjL^aJI jA I g ^ Vi mi 
4^jJ ja CliljjjVI ja 4jLJa ja Soljlall jSliiJI ojii jl^La ^1 jUiuj .jujliH ^ 

.(Zeta Potential llj j jj-«£ — j ^ .'j.'^ a-ij-^^l j ^j jaJLa 

Van der Waals cjJla jjJ jli S ja) ju£& ^1 jjj Aj^jiL <j3U. SjS ^.Jij 
Brownian t^jjjl jJI 4£jaJI) cjLjjill AjjI j*a«J| a£j^JI Joajj enforce 
AjjLaJI S jail (jj i h Vi c^IaJI tlilljjaj t L^aSll ja 4jaoLill j (Movement 

cs^y (_^jjc. (jLiA (_^l jl jjc. .l^jJaaj ^gJj i— il rtjMi^ll jjc. tilli j ca^A 4jjLijja3l 
^c-ajoiJ V _J-»VI t^jjUJI (j jail jillill a j9 JjUjj lAAi& 4j\^j V La I jiajA 

.(juLajII ja ^IjILj dJ <ijMi-^\\ 
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gjUJI ^1 j^l (j) '(jjUajS iiUsj jjc (J jilutfl <M) dLjjjiJ! ^ 4a.jJ>JI &Jal! ib-i isua (41) 
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oUaU AJtiJS diLjjc. jljSLoil 4Jila .t_ujaijjJL J jU jc J>^sn tliljpa. 
aLal^-all 4jj^3t»<JI ClslijjVI (J^aikj . .l:.laJI j ^jjIaSVI ^^/Lal£ ^jl J <u£ jli-a AiLjaL 
joj jsLull o j3 (j/s La J jla^a J ^XaVI o^A J ja. j j-a 4jauL\ll 4 4-jllc 
Cjl <\J * Hj AjaJa-aJI SjuiTull 4^.j^3^' ClllLliall Vrir i >i jjc lilljl j CllLjjiJI 
J jia^JJ ( \\\-,\\\ £j-a]l ' - cjsLull (j jii .XaLij £aj ,(l_j7-2 (J^) oJjLa]l 

^cjjjI (j sv* \\\ lg t t.lillj^)aJI JjL^ajlL <— liLvoll ' ; lluffi celsLu^aJI (jAaL 

^/liLaS . jj£j]l AalaC. jjuiVll jiiall dll.iC.LjiA AiLjaJ (j^-ajj .'Lwb Clll t JU1L 

•(^7-2 J£^) SoJia StS ^ SJLaJi 

djI^cLowJI j CLilj!ti-aJI Joaj toLuJJ ^LuufUl t_uSjall cpH 4j. >-i,n^\l 4 6jlj^JI 

IjS uill j ^LiAj^il ( " n un\\ (joaj^iUI ^_><^ L>Oj ^■J'^J (gV.^)^, jl^Laj jliall 
Aiila L| _j*J g. Uaj£l l ^ (Coagulation) jaiull ^cliu^xa jl j* fi-jJLj .Cjlj^ll 
j.£j3I j t(l7-2 JaJI 4juLJI JaijJa jjc (J j jill l - n un\l jlj&Lj 

a-ilc jjjj^L V jo^-lig-all jl Vj tllll AUnyW £A*1 jJjIj (FloCCUlation) 

JaijjJ La LlUi .iaflii 4jjLuu£1I dlUVI "-L^i J Jc CjUILu^xaII o^A ^l^klail 
^^klaiJ .A^LuuSJI ^sJUaII J <xlVini<\ll AjjLjjall dLLaxlL j^ill j Jiiull 
«.Lail cL>jl ^ o jILaJI i jaII I'lj'inn j AjliV Luic. LLjJ=u jAjJaiall £ JaII 

jA (^i^J t^LusjSJI ( " LjJ *nll tAjjlaj *M ^A^' J «^-?>JLt-aI] AjtjJaLvJI 

-^3*) aLmLm ^ (j^uijj J 4jjLuu£1! AjsJUaII 4^a,^-)u^\l Aukall djl^a. j]l j] 

jl ji. J £-a=*j jl (Mixing, Flocculationk Sedimentation jj-Jiiu 
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<LaJ t4-7 JSJoll ^ji j^JJ Ia£ t(JjgiLaiiA ^Uaj jSjJj .tllljjla^. I j^-a .1^.1 j 

t <— Uj i) jail dil&Lui (jJ^-^J ' j"'-^"'" (jiiiljj i^j^uJI ^-^^aB a^.lj 

J^jj) SjJ^~ jai-aJI jWr^ f J^J ."r^J^ "UiSlI JJC- sJIaII £^JJ 
J3 ^1 AaLall J jaII £a j| jaJI JUJ c^UJI «.U1I £ Jaj (10-7 

.IgAjL l-S^J ^lall (JA 4aL*JI j| ja5I 

4j>2ajdt ClA 9-2 

(^gjj ^ Ljaau > «a*jj -W^J^ CiJiJ^ Clslji 4jjjJaaJI ( " ll J^^aII 



I I I I I I I I T I 

-c-c-c-c-c- -c-J-c-c-c- 
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Joajuj ^ic. (Fermentation) jaVill <— iLLac. jjc-j .Ig^jLi La j ■ J tj»..<N <tl j JaUn^l! 

(_PaJflj ^jlc j .UjJC. j ajl Ja^l J (j^aU^Vl J <-llV _a=v£3l £cjjj Jllall 

(^Jjja. j jj dslij J3I jj^U <Lla 4j_&jJa*JI CliL£j-a]| jj^J cAj^jJaC^iUI CIsL^jaJI 
Igjfclij (j-a jj£I ellLuja^ 4je»a (Jolajj Igjj jj (Jj' > e.La]l ^ IgjLjj (jj^jj '(J^C- 
.Ail^all j^JI j AjUgiaudl dsLI JJ^JI ^IjiJ 1 J f\n J ^ J"^ ^J*- 4 

jfLaJ Aj_jjJa*JI ^LuuSJI ^gi 40J.ii-a jjJaC- L-j£j-aJ <L}JJj\aJI 4jcu^aJI jj 

4jt_u^all (__uj jj (jfLaJ (JUaII cJ^f" 1 t^* 3 • 4-^^-* (j- 4 JJ^' (J-^ (j' ^ J » ial Jj3l 4jujl^i1 

: jjIJUJI jjjjUl jLw dijsu C 2 H 6 0 

V V V i 

H-C-C-OH H-C-O-C-H 
H H H H 

tlllj JiaJ laiu t (^Vl J jaSl! (JjLuJI JLill jLuj ^1 4*51 jll ^Lu^ll Jlaj 

j-a jj£I ^jjLu ^ ojIc- i >!■> II i " \\ jail ^ tAjalaJt A_iju21 jIj£jJj 

. jjjjj J/n «Oj ^^JjjjVI J ^f^aJ ^JaS 4 jJojoi ^^Jc sjIc 

CH 3 CH 2 OH j CH 3 — O — CH 3 

(j jj^uc (^Ic (djljjSJVI j i— iLual jUI) (jjjjSjjjjgJl 

)ii njl JJJ«J (_£-^lj j .(jjJj£JI eliljj jjj AjjjS JojIjj ^-a Jaia (jj^jjjj^JI j 

Lajjfcj L_ajj^all aLa^J jA^iUI (JlaJill ("it jl^r. (jxs ^tiij jlc- jA (j^aJj^jjJjA 
j^fl 'Lall Vu ill jLaJ ( - Ua J jl^ijVI Aj^i ^li %90 AjbaUJ *l j^JI ^-a ^ j-aJ 
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djliiljUl ts k. Jjj-aaJI j^Aij .sLaJI <J Ji AjjUll 

ijLjjiJI jSjJJj .J jaJI jbJaalil JJC (JjjiJI A,\m\in\l Sjjj^S Ajj jjj^jjJj^JI 

(30-2 aLU*) jj^jou Jjaj^ fl.ikia£U J&c. SbxaIj cjU jkJ J 
CH3CH2CH3 + 50 2 > 3C0 2 + 4H 2 0 + aSLL (30-2) 

AjUjI Jl .1^.1 j Aaj-uj I j ^JjuLa (JjJ^jjJjA £jj^aj pLajuil 6-2 (J J-^? 1 ^ Jg hj 
j£-aj3 (jjidjl) ^jjuLalt jjc. (jjj^jj-li^JI Lai . ^»VI CjLSjaII _JJ^ U-J^J^ 
jUuVI ^AlaS Clllji Qli SAaaia -iajljj ■Jj^-JJ ( -^-^jLlM jc. Iajjoaj 

: Jljlll LaA jV'Vlj (aAwV 1 ) 

H H 

I I 

H — C=C — H H — C=C — H 

(_5jaaj dll.la. j A K uj ^ (ja^.jjJj^JI <-lil jj (_Lv-a a.la*2«ll JojI jjll (J^-j 

JJC-" ^Uaj^a ^ 1 V1 > nj tillil LjJ JaLujVI 4 lS aJ La j<a J3I (jja. JJ-JJA 

jjc- Jajljjll (_^a joj^ joc. Jc AjjLaJ AaaafLJI AijLull dijjjll j .(Unsaturated) 

jSjlaJI j ^jLill ^gjLull jAjaJI j .AjjlaJI ajl jaJI <L>jJ ^2 aAjLuj AjcuLaJI 

j (Hydrogenation) Aa. jagJI AjLac. jjc. ilujll <>» LjUu gclu AjL^j jjA.£ 

J-iC. (j ^il ij jj jj .AjSl ja i Sjjia CllAJ (jo^ jj *ng \\ jlc- AaLiJaj 

. l_lLo jAJ JI La tluj J J^J jLj 1 ^Vi^/I <L>jJ £^JJ 

jA (Aromatic Hydrocarbons) ^^jS/l ujjjS f^l J-^ u] 

dsljj J£ joj Aic-1 1 >\n JaJ jj £-a clsljj dLui j^s Aj jfLa Aila. jA j tjjjjjll 

.aLuUJI a; u^\I ajL& six. jjjj^ll cjljj jLjiVj .i-jjLuILi jjjj^JI 

L^jS LaJ AjjLaull CllLaalall (j-a £jo>Ij t tjln AcLu^a J jjj^' f ^ ' "J J 
■ 4tu f-i*yi j dlljjAia l l j 1 J Ul 1 n^ljll oJJlswa ^Ijjlj iAjjjiaJI dlljUxaJlj 4 (-111 jajiaJI 



H 
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AjuAa :6-2 Jj>i^ 











CH 3 " 




CH 4 




CH3CH2" 


JAs) 


CH 3 CH 3 




CH3CH2CH2" 




CH 3 CH 2 CH 3 




CH 3 ^ 
CH 3 / CH " 








CH" 
CH 3 








CH3CH2CH2CH2- 




CH3CH2CH2CH2- 





aIujLuu) :7-2 Jj-ia. 





IUPAC (i) 




CH 3 OH 






CH 3 CH 2 OH 






CH3CH2CH2OH 






CH 3 . 

CHOH 

CH 3 / 


J^Wjjj -2 





■ Vink -i fl j c UuSlS JjJ jUjVI IUPAC (*) 
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£j i ^ij s.UujjI 7-2 (Jj.laJI (jajj .(-OH) (J J > n^jj-ligJI 4£-j-aawaJ (jj^-jjJa^JI diljj 

(Jj^'nII (Jjjj^wjjj] \ tc\^'\A l&jjjii J^i\ '(jjjjl tlyj^jj^] J J^Wj^^J 

££AjJI CjV j] .^^Ja J ^Lij Actual £jj j jjUaj ^Vh.ifl 

.*UL jr>i3 <Llij 100°C <> Jal <Iaaj IgJ 7-2 JjJaJ! ^Uj^J 
_j* ^pLij JAojj CgH^OH 4.t_ii.^ a! J jiiill j»JuoLj <— s jjxa\\ j 




^j£Jj t(Jj-s^ll (j^ajl > (jljjjjj 4"<_]j" J ja-^^/l Ajl^j j Ay u (jl 

(j<s 4jaolill (—ajj^all aloo ^ ^^jiaiL Jjiiall .la. jj . (jjaA^. ( " A <\ * » LjAj-a 

("n-s ^^C-l li ^»\l L_a^j^a]l oLw (j^> JJJ^ ' ^J^ 1 L>°J Aoiaajll ^".qll jlc- dllc-ll^a 
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• AjliU AljjjJa JjjSIjjj (jlS (jjj jjj^ talari] i in > u o JJC- l£lia 



(j^ l^a. 4£.jjia 4£. a Liajl ^Viun cAjjaaJ dAiutU AiaaLa. o-iLa£ 

jA j (jjA^U .lia. j£& ^jjjjj^ jjUJ a-p) (jjJJjuiVI Lai .^j<m <-i\I j iiLj > i^LJI 

o o o 

II II II 

— C— H-C-H CH 3 — C — CH 3 

Carbonyl group Formaldehyde Acetone 

^jf^^S t . uSj (jjll j i_La^ J^J^ <Cj-aawa 4jjjJa*ll (jjaLa^-VI (S J^J 

o 

— C— OH or — COOH 



CH 4 CH 3 OH ^ H C=0 — HCOOH — CC^ + H 2 0 

Hydroc«bon Alcohol Aldehyde Acjd 

Ij\ < _ n»nTimj .Igirljj (jl (J j)> iaC jAaJ (j£-aJ oOjoiS! <ULa. ^glc-l o^Aj 

(jjSjj .(_^aLa^.l 4iai Jajoul jJjIj CIijIjJj > <-i j #.Laj-ul 8 — 2 (Jj^aJI laJ 

Lj|j (jiaLa^VI jj^j Laiu t Jjl jjuj jjJJ^ Clllji (_j j^j j^jll (j^aLa^VI 



(jjbll CjjIjj .(4-2 S Jiall ^Jj £?>J) J^*^ 

(_paAa. ^1 AjUiulL .Aiik-a JJU-aJ ^ 8-2 Jj^JI <ji (Ionization Constants) 

.(Acetic Acid) liLkJI ^^a-a^. (Dissociation) td£aj jilc.1 ^ij-aj tjy^c 

O O 
II II 
CH 3 — C— OH— CH 3 — C— 0"+H + (31-2) 



tJjla-aJI ,j liLlaJI (j>i<\^ *SU^ * ' " <> a (j^JJ-^M-^ 

<25°C Sjja. ^Lvjj Aic 0.000018 ^ i4)Ktt ^^asJ # 3-ai .32-2 SLU-oll 



[CH 3 -C-0"][H + ] 

K = — - JL J = 0.000,018 

O (32-2) 



[CH3-C-OH] 



1 alii cailij ^Lj JJJjjJI J ' ('^VV'"^) (J^J t < J \j ^ J ji^l ^jl JJJ 

ill jJJJ (jjA- 2 W^^JJ *W^J^ ^U^-^J ^ij^ii^ (j^aLaaJ ^ JJ 

L^aa 1 4,1 ml. nil <Ljia 4_uAoll (j^laaiU ^1 jA!>U! A^JJJ J£^2j .<aj| jll 

^Ijjl ,j ■lluj^jJ.ljJ.S (jj^J^J (j^H 1 LS^j UJ 3 ^ 'UJ^^£ (j^JJjS 

ajj^all a Lai. ^uJaA 
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JjU^jjjSJI o^aU^l :8-2 JjJ^ 



K jjbll Ciij 


Ai^l IUPAC n r l 




0.000214 


HCOOH 






0.000018 


CH3COOH 






0.000014 


CH3CH2COOH 






0.000015 


CH3CH2CH2COOH 






0.000016 


C4H9COOH 








C5H11COOH 








2 i»,iUltij 


*U«<a3 yJjJll jUN! IUPAC ( * ) 



NaOH Jc-^J t U.Xal ^lu] (j^aLa^VI £-a ^"^Vl CjLSjaII Jtbuj 



CH 3 C CH 3 (CH 2 ) 13 CH 2 C^ 

O Na + 0~Na + 

CH 3 -C^ C=0 

OCH 2 CH 3 NH 2 
Ethyl acetate Urea (diamide) 

^^jJI clllil-aVlj .^joiI jl ( _ 5 Ic La j)>>yC. <-_l£^a Al^J ^ is-llia 
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IUPAC 












lA4 




CH3CH3 


-ane 




-c-c- 






H 2 C=CH 2 


-ene 




— c=c— 






H-C=C-H 


-yne 










CH 3 CH 3 — OH 


-ol 




- OH 






H 3 CH 2 — O— CH 2 CH 3 












O 

II 

CH 3 — C— H 


-al 




0 

— C— H 






O 

II 

CH 3 — C— CH 3 


-one 




0 

— c- 




(4jiiii) 


O 

CH 3 — C— OH 


-oic 


J 


0 






CH 3 — NH 2 









(J fiLw ^ Aj^aadl £iL& j-JI 10-2 

^\ jjf ^ ^ jlall l_Sjj-all oLlo ^ LjJ^a. liKaall ALlill >>t.\I ft^Lall ' '«''.^"' 

dll^j jj^a dll j^jA jjj^JI (jj^JJ .(jjAJj t(ji3j^)J idllj^jA JJ^£ :4joUJj 4j!)Ij 
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AL^la 4,\m\m ^aljll ( _ s all j oJ-lxiall CllLjSjuJI ^juiSj (jl (jfLaJj . jjj^VUtllj 

^ sJj^jaJIj jjLLJ j aJ$Sl 4^JL^a <_SJ=^ CjtjLjj Sjill j j jSM J 

.(^71 JiSl! jiiil) *L2q1! <> tU c^/^ 




^JUll J£ill JjAjJ -LiW tljLiI jj^JI J£J AA\lL IjjySa JSoiuj <iaJl 4.a.uuVl 
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H CH 3 




I j .1^?- J n i «a3 c-Lall ^gi Igijjljjj Lai c(<jLii£gJlj jjlijoil cJjjUjjj 'JJJjj) 
.1.1a. A^ilaj elsV.l*-aJ ^jj 4ija^3l elsLijjJaaJI 4 jam! jj 1 g^S* aJj.*i^» IgjjjLjj 

.4_n*J (j^aLa^.1 (j-a ajjj^aS 

^ j ja. jJI Oleobutyropalmitate CjLuaILjjjjjjjJjI Jjj imU . l l 4, i . j . „n ^ 




3— O-C-C^H^yC^CtCH^yCHa 
H H 



74 



^ajjj .4ija^]l CllLjjJaaJI L^Li. jl-^?- (jjlji^-l 1 'l£> <\J V 

iiL£aj J& ajii jj£j jl j* l$J OjV t JJJ^i t^jr^l jjj^ ^ J ' ^ 

SjLil! jj .L£UJ V^mIj jL&SU <Lli *l>1 ij±£l\ Cj11j>]! 

Jj Cjl jJjA jJJ^I ata^. ^Jfc 4jj>>.r\l tllLS^-all c£ji&JI infill J JjVl 
AajAJ (jIaLa^.1 Jj jjA-JI j t<Lliuil (j^aLa^J Jj CllLiij j j c4jlji dsLjfLii 
.(.'La j jjjj^ll \i i ii^l ^lii uHj Jl (^jjsJI liKaill (juin; .aju a3 

^cjljj ^ (jj?* m£Vl J^-J jj-^ lilflsull (jli c Jl j&!>UI ^juJagJI <ULa. J Lai 
dlLljfLaj 4<UjLui i_£J^-\ aJoJjujj 2>\ya j CLl^ j^Sj AjjjJaO (jJaLa^.1 j<a AjjfLa AjjLp 

li&lill a jjfcL> i_a^all aUa J "aJ ja. jA\ 4jjjJa*JI ai-a]l j* %80 Jj 60 jj 
jjUjjoJlS 4<L)jjJa*]l diL£^a]l j^s 'j^^ j^ j* 4 J^J 
j^ViN 4jJg-a 0,\<\r o i " ll j£ j^a j t ^JUjjLal l <\ > n\ > n\ l AlijJa 4 j_oJj£j J.l}gjl j 

4-}ia jll 4_p j-^-all t_ixuu tilli j ^ ja=JI tiK&l] 4lla jjib jjlo LgJ Vj t^jJJ^JI 

( " il alv< j Jaijll l " ll SJ ui a Lai . i a^j^all elxa] 4_ijO^JI ^LaJLuall ^ ilj 'I I j 

t^jjaJI ^Kq'lN <La jlLa ( _ 5 ^i (_5^)i.l Ar'ha AjjjJaC dlLi^^a j Aj^ji^JI djIaruJI j 
.^JjjaJ A-^\\r o\l dlLLaC- J 4^3^11 CLlL^ajJaaJI JaLiu <JJ*JJ j»Luj 1 g > >>ir J jj LaS 
Jjjj^jjS jlc- jj-a 4jjjJaC-V ^1 j-a j<s ^jjj^all ^jljj (_>a*j jl ^-«J 

jjtiA^jj^s jji^a ajLia AjjjJaC ( " ll j^a jo 4^j\j Lja-a IjJJ^ jl Vj l jo^jj^J^JI 
dllcl h^ill ^tijj J3j .liLjJJjjJ! (j^aLa^lj ^SH dilc.j«vN o dlli Aj j i >ir. CllLS^a) 

jIjaII LpaJL^a «.Lul ^ (Medicinal Odors) 4_ukll ^jIjjII j^ <&jiLa <c.jAa^a 

<aj|j jifTs\l~(jjjil jLiajL 4j1 . ^> ■nW AjaJajuJI ^Lall tlilatAaal j .4al jVl 

Luii<a jC La jj £il _oll j . jjjLvkll jl tiLa.mll ^cj j 4ajI j 4jLjJ 



75 



C_Lau lal .lis. Jala A$Jj£ll £u1 jjll jOj^jj ^1 4jjj±x1\ CJl£,jA\ j ajl . j 
jl Agjj£ ^jl jj j A^aj ^^all ^jjj^all aLia 4 \\ * a i " )1 l-i". a jx AjLa. (J^ LSJ^ 
(jj^J (jl jlfutaJL jjajJal j (JsHuba L ^lc jjg Vlll ^ ^ Lailuba JJC- liilia 

Ajjua-ail ^uU-u^t JAaofl 11-2 

AjjLiajS ( '< nil j£ (JolLa-a j ijS^n Ajj la <\\l (_^ajaJl]l ^Vin'i 

^gic NaOH (j-a (SJ$JA Jjla-a JJ^J ^iHaS .(Jjla-all (j* jj] ^ AjjU^jS ojLo 
j^Jj J jk-a j .jj] I ajaS J jla M i J£. j^Aj Ula ^^iill ^claJI j-a ^Ijc. 40.0 
t> -aaJj gr* (_a^l£ll j> j^ILi jjj plje ^ c5jl=^ (IN) j^-iUaS 
lillil AgjLLa ^Lall jx Ifl uil'i Aaafill qpjx^lui NaOH j-a ^^-aUaj (J jla-a j . (Jjla n\\ 
lgk\£uol\ (jjjll J (jij j>Ji j jjll jl ^Jj I jAaj '(5 jV>a 1 Jjk^j IfcjJJ^J ^1 

1 Jjkx jla 4 <4£jjj£1I ch^a^ aJU jSlj .(3-2 J >i=J jjail) cjlLlkLa 

•J/^ 49 1 Jjk-a Laiu ij/^ 98.1 LSj^i tJjJj* 

^IfLajLaJLj c(mg/l) JjUl aljiulbaj JJl^-aJI JJ^IjJ jc JJJ*jli j^i 

jjaL ^ ajjLJLj '(gpg) (grain per galon) jjSUtll AaaJLj '(meq/l) jUll 
(pound t_j*£-a ^ja jj^ <ji ^ jW^Wj '(lb/mil gal) (libra/million galon) jjllc- 
jjj *£**JI 1-2 *H**1I .(lb/ 1,000,000 cu ft) per million cubic feet) 

1,000,000 jjfl baJ j Ujj U > jVj mg/1 1 jj^ I jki j .mg/1 j meq/1 
t> a^l j jjllc. jjj jj^ I jkj db/mil gal — lb 8.34 A-ai ^al£j 
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62.4 jjp »UH t> (cu ft) jj^lj itdJj Jj 4iLjaj .ojjL 8.34 ^ jLou *U1I 
jjjL isysl lJjjjuILjj .(lb/1.000.000 cu ft) 62.4 lSjL^ j mg/1 jli t jjjti 
S^lj gpg J J <0.0584 gpg l$ jLou ^1 j mg/1 jli JkJLj <^ 7000 S.iJ j 
.oja j£>SI lW jc- 33-2 <1jUaSI o- 3 ^ j -mg/1 17.1 <j jLou 



100 mg/1 = 8.34 lb/ mil gal 

= c =0.0584 gpg (33-2) 



jl ,_^a-a^. (Jjla^a ajJj (jc jjjajll 4 — 2 AJjIxaIIj AW <\\\ pH ^HajL^aua ^JaJLoLl 

pH Si dll Jak_jJ 4 > n jib (J^IjS jS^-?- ^ ^"unU (jja* j jjjgJI (j jjl jj£ JJ (Jjlaj . jAjoiI 

.8-2 (JfLlSL ^jSaya jA La£ 4 0J±jLu 

<C.la3 (jAjJa ji£>LSI ^,\iii\>n j-« ( ■ JaS jA jl$-?JI ^ pH SI i_jla3 (jj 

' . lS-»3 ) pH/ISE jl jia t>s pH (JjjIj^o cllijj .(_£ jl ja* j t , *nni<\; Ijj* J 
-Ujailja JalL^-a ^1 iVi . lib Ljajl Jjl*J (jl (j^JJ t JJ - ^ "SI <U jlla ^jic ((jjjVI cpSiajl 

.CjI jojJIj jjliSlj jjUllS ^ oJ l>>\& 



77 



.4_uU ^_i)C pH J-U (OjJsH (jJliul uilai) ^ AiU pH/ISE o- 1 ^ =8-2 Jii 

Hack CO 4— ial >») £1 ijj^l ^IEj ^uaU. oiLjS uliaSi ^1 jiiuAj £iU jJ\ jjSl jj Lai ouL jl^aiS 

(Loveland, CO 

4Ju& j t (6-2 J£3) 44juLiJI LgAu^i ^.Jjj Ajjlall 7-2 ajaall <jialjj 

0 JjU-J J.jWl\ JAJ L5Jf^ jW 9-2 lJ^JI J$-^ ^ '(8-2 JUa) i-iluiaJt 

l iu'<~i\ jl <]ajail jj Laj sjjIxaII C-Upjl <Uakj JJ-iSJ ^»JJ .<a.jO-a <Li.tkjai (jx 

• pH (JjAjLo t^^-j pH L_l]aS 4iajJ jj jl <il*JI ^jjj 
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<UjlU JjjJJj (JjiU J <U. jAa 4^la»ui jjJ^aij 9 jjUji :9-2 Jii 



cjLuLa l^j ^ f^-Jh <^JU-oj AjjJSII oLuLs] ^L^Vl ^Lua-VI -W^jj 

^Lall o^joiC. <UI jj ^^JjolaII J;i?il (jl I _>^jj .ah-al] (JjWl (_$\ \ g id i ^3JJ JJ 

t.g-'-'LmVl (j- 0 4<J_jiiSI £-a (JfrlijJ ajj^aJI <UI jj <La.laJjaba]l jpa all j 

<C.jaJ j* oSljll ej^j 4_aJlx-J elall j ^UJ cjjj^all oUa ^ ^ A-a^lall 4jialjx> 

pH SI -kuJal tl^lx-Uj jl .^>JU-a]l 2 *v^-..,,^l 5_uUaj£l| i ^al] 4_J\jLa]| 

^Jj£i] j tilliJ tdjlj jJjfLlJ — (jjJj£JI \U*^I (_5-j^J ^Uaj AjjJsJI 4-alal)I\ ^ 

.Si j$-aJI ala^JI j lJj^I aUa <J_aisll CjLuLij jlilj Ajjull jjlall 
.La J jla> * ^ <_£^}^l (j^aLa^^j (jjjj^ll JjjaiSI ^gil-J (jjjLLa AjjJa-a^JI jiiaj j 
.Aj_jliSI JJ^ii 4-a^aJLaua]l liilil A^jULa <ll^}IaJ ajjla-aJI A )-> ml jj 4_uia-a^JI (JjSV' ^JJ 
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^jjj^ll ,lli.uSf ^Ij AjjJa-ai. La! tpH 4.5 (jj^ ^j^aC. y j q'^a-\ AjjJaAa. ^ 

oLw <jjc. o jjU-o j»2 .(^5-2cJSj^) 8.3 pHj 4.5 (^JO^' lP 3 - ^ ) 

Jj-ajfl ^ pH _J ^Us UlJ jj ^Lki NaOH 0.02 _? ^aJ <Jia 

4^aj3 (jjJ 'ajjla-aJ! ajLall (ja till jlLajL-all "LuS 4 h^^La £-a t8.3 pH 

^jjxj ^^ill AjjJaAaJI t-jLuia. ^jj .8.3j 3.7 (j;»J l&.lllaj ^aJ ^^iSI tilljj i3.7 AilUll pH 

<j..ja^ .34-2 ^JjIxaII j^ki <iaJ jj CaC03 t> mg/1 j Lj-iJSj Lpc. 

■SLeJ pH 3 •> * <«i (J^-^ J>' 1 -'^ AjjJa^aai £<ij I ajjj i4.5 pH 4-aj3 ClaJj J/nail ^Isjjj 
.(jiLauall (jijlA ^- a 4j1Lo2w^I 4j»^><i^\I j .8.3 3.7 (j-a 

(ajjU-a ai-a) (ml) X Sjctfl! <sjV >a x 50000 

— (34-2) 

(ml) <u*J< 

LS^ *J^J '"'^"'jj^ J^J 'J^L^ill aJ-iaia 4jj^aua dllj ^ja ajjoutll ^tijj 
AjaJajjJl ^Lall CjI jjg aJ ^gi a^jamJI eLall .ajjjjjaba l l j a jj»n\Kll 4 n nMI e.L<JI 
(j-a 4j jfLJI 4ja.jJ J^?*^ Cj^LfLiull CjliuiSj JjiaLu ^ lo jjbj 4j3 jajl j 

4 i t-t \ c-Lall (ji Lfc.Sja.j (_^a JJj-ia V L^jl <j-a ^C-^ILlj . ^mKll J^aJI 

t^Sjh'lMI Aiai jLjaiij j JjjL^all jLujjjj Ca++ Mg++<ji V] iJJ^ li^lgio^U 

<uuj jll CjU JaJI (CaC0 3 , Mg(OH) 2 ) <> l&A? uWf-Aij 

(_3^)Ja j^aiajj "UcLu^all ("l1q)Vi<\\l (Jjla. (j-a ^»C.^)]L)j . jlaJI s.Lall lIsLLvjoi 
tAjliil a^joiaJI ^JLj «.La ejjuiaJ <UjjaJI 4jljVl ^gijJ cj_ajjill J£LLa £-a JxLuJI 
(jjj ajjuiC ji e-La ^>ii*J .(JAaIIj Clll^LJI c-La 4jaJUua ( " \\ jaa LjC-^a l^al 

Lai ta^joutll Jajo: jla 150 mg/1 UL^I SjjoiC jj *La]l j tljjoiJ ^La t50 mg/1 

J^a. jjoic «.La j^i 300 mg/1 ftiall 4js jjL>jj ^1 «.LJI 
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(jaLliVlj ajjlsuaJI 4jLjla ^& c-Lall o^joiC. (jjLiil Ifcjjjli (jj^Jall (jj 

ljSj* lJ^Aj (EDTA, Ethylenediaminetetraacetate) t*i/\u»i) Ijjj 

SI £-a AjjIj a^ix-a dlljjjl c(Na2 EDTA) ' " n"n ■ "i I JJJ jxal (jJjJj) fJJ^ 

i . laj ^UlLj tajiiiT.W A iuihi jalSllI oJ^tLa (_£ dilj jJjl£ j Mg ++ j Ca+ + 
^jj^jjjj^I JjjujI At j > <-i ^ Aijla Aja£ ( - iqj > ^1 |j| . Jjia-all (j^ W-^j] 

2_Lj pH A-aJ (j^l S jjoic CjUjjI ^jic AjjU. aL-a ^Jl t(Eriochrome Black T) 

^ J i si\ i i) ojjautll Clllj jjI ( ■ lljC . 'Lj-^j aSl (jjl ^ J > aJ i u3 tlO 

aUa Aiic. jjlo Jaiw tEDTA J jU «i Wj.la]l AaAkjuJI Xu lijJa .9-2 

a^)jja*JI I— lUjJ AiLjaAll EDTA lJ^jJ -^J^ < Luol£ Ajjla. ; -.->^\l AjuilLa 

L>* UJ^' (Jjplft (Jjia-all S^juoxll clslj jjI Ail£ ^fiVi (jl l.la*-a L£^a 
35-2 A^U-a t*6jjU-aJI (JclsS frl^ijl ij^us (jlj ci-^ 

pH=10 

Ca ++ + Mg ++ + EDTA ► Ca EDTA + Mg-EDTA (35-2) 

diULnll (j* i jmVi j CaC0 3 (j-o mg/1 CjIj^jj LsJjISj Sjju«JI (jc. 

= (mg/1) — j A^lia CaC0 3 — £ S >-*H 
1000 x EDTA ylL. CaC0 3 x (ml) Sji*- SjU 

(ml) Aij*]1 (36-2) 

LaS ' tt 5-^ UJ^ ^ JJLiuLall (jjoJ^all ^Jalj (j- 4 J CLlLaLaiJI CllU j£-a ^ijdJ ( ; 1 U inll jjU'ull j 
(j' cjjT" '"^Sn AJLkJI 4j3_^iJI sLiaU < _jSl-ojj ,<iLaJI ^a*-Sa J^J^ 
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jtijjlj (jtuLl^a LaAj (Mll ++ ) jjiiloll j (Fe ++ ) jj.lj.laJI ClU ji (ja ajiix-a ClLvaS 
LaA 4jlia JJC. <lAj dlljjjl jV aJbuiSbU jL^ajxAj La^jfrj . ( jljJJja JJC.) 

jjo'iH .IjSiua U j] »L*U (Mn ++++ ) t*LjlijLa]| j (Fe +++ ) <4pJOaJ 

C^l ■)£ m'i jjiij jLjjl (j* cs^ -8 (_W-^J jAV aLlo j«a t_j ubalt sLaJL 

.la4*j a-SLal! £-a fl, ja ».« JsljIjjj 4_LaJJja ajJ^VI a.lA UJ^ '"U^* ta-luiSj-aJI j 

jjiaj jj .AjjjUl (JjWI ( _ 5 Jfr «.LaJI jjjiiall j Jj^aJt JJ^iil l& jjji (Jjiall JJ^l 

. jjjij-aJlj Jj^aJI JJ^JJ £-a UjJaJj j£-aJ j^^J tA-^llt «\l AilaJI ^ JjJfliLall jjill 

.ftLall ^ jj^aJi (j-Lsil (Phenanthroline) jJjjjjlija 4JLjla Jj-^j 

(J j i jjJj^JI Jj^jj (liLjjK jj.llA^ c^LaJi J_?^ (J^aaJ 4jj*JI A -\ \\ ■» *\ jjc lillj j 
I^VI (Jcliull (jS j 4jc^.ja SjLa£ (jjLal 

pH=3-2 

Fe +++ + 2NH 2 OH > 4Fe ++ + N 2 0 + H 2 0 + 4H + (37-2) 

CjI jj (j* ajj (_JS uj*J 10 — 1 jJJ ^ jl jl) Ia^^c. (jjl jj!ijLu3 Cjljjja. 




^Laj jj Sisua (Phenanthroline) jjjj^ -1,10 
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zyja (Spectrophotometer) ^jJall ^laia ^Vimj 

Jj^aj ^»JJ .(jjLJI <_Jjla-a]l jljlal (JjUal (illij . jUa^jjlj 510 1 frla (J jia (jjUl 
jjSjjl ejjl*-a ^"iVm Jj^ 0 AjiUjli AjjlaJI 4_ujiill ^ ^-l}*^ <j=r* OjO^JI jj^JJ 
Aojoilaa Jj^a. JolLa-a (ja aXoiLoi <j-a sJ^c.] ^jj -Ij-iaJI 
.(PerSlllfate) CIsIjjjj^jjJI 4i^>la Liajl 4_u jl AijlaJ jjiiiall Opaj j>lij 
Ijjnii ji jjc. IjS^ *n\ JjjjjJI '— '^JJ^ AiLjal jiC Jji^Jl jjW^ P-H 

4iajJ jj CjUiiajj AjjxJI jaixiaJI J jauj lillj Jl»_s . HgCl jA 

.(Catalyst) jlivS 4jJaaJI ^ j^. JJ CIiIjjjjSjjjII 

Mn ++ + S 2 Og ^ + M11O4+SO4 (38-2) 

jjjiiaJI l^i* £cjlj^ OJ^ J ^Ajlill llAjiiajJI (jjjl j^J^ tJ^J 

^3jj^al\ ( bkl l j (Colorimeter) jjU! i^ULa ^ ^klou 

djV jaoJ ajjUajSJI CjI jbikVI ^ jjlJI Sii (_>ilj3il (Spectrophotometer) 
^pak. ^-a J^A^-a cH^a 10-2 j£Ji3! U3I (Parameters tliljialjb) 

(J _aiaJ ^^JjLajJjl (__iioLaj 4jj*JI JLi.-iV fljj-^^ £-a ft jjja j li I j CllljjC 

(j-aLaJI ^ js_aAj]| IjlAj JJC- jL<JI ftjjJall (J^L}^ L^J^ S-'J^J 

\ ilJJ .4^._oa]| l)_oU ^^JjLajJ jl (—iLaajLj la±uba A^-a^u (JaO tlll_aJa^J -^J j* 
4_ra.jjjj jj In* > jic ^c»alj^)JI L_)LaajL (J-alxjlL jajaixall jlgjaJI (Jjrnn ^-ajau 
tjjjlLall (JjaJ a\\ jj^JJ (_Ha^>«J^ A nil uj h"i .'ojJai. — S jlrs jlili.^/1 Clllftl^)^.! 

.(Transmittance) AjilaiU 4jjiall 4juaull j (Absorbance) jl JlaVI j 
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(Hack Co Loveland, Co <S JJa-H Lj^ljSlU l^bJU* j*j * Uil *-Le ^ £jU JiU 

Ujjijj ^JJ ^1 4_pU3l «.U CjV jli jai*L<JI j JjOaJI jjJ&j ^1 AiUjal 

Jj£jjj 4jafjj-a (jjs .U^a jjl Clll^a.V ^-Lilj£ 4iLjaU $.Ia1I AjjC- jl^i'i 

jjJall A-aj^. ^<sj I - n-s 3 (jjM (JjjULJI ^ <i«JI Aali. (_Ji.i .0 j.n^ oil SjLall 
t^gJ^jjJa <_1 jfil aJojoiI jJ (JJoUSJI ^Ijj <1»JI Ajli. J^- jtla-all ^^a. _oa!I Jjiall (jjBI 

L_iilaJI (_^ULa jA <U2 jIll dlLaiLlill ^ Ic-jjljui Ajj la oil a j^Vl JJ^I j] 
jja. j ^ j 1 'sy\\ q\ jjc. t^jjlll jjjLjLai] A^jLLo AijJaJ jl^aJI li& <_Ja*jj .^jlll 
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^Uijl] ^ klla^J (3-"JJJ (jj J^l cjolall (_jjjIjL<J sjjj^ 11-2 (J^oll jg laJ .ajJjS 4jj.lJ 

Jj^uJI 

(j-a 4_t^aL-a!lal aJ t J la o ^^i.^ ls'^ » J' (^"M* <Jj^ *^l ^ La 

(jj^jj 12-2 (JfLllI ^jJa j-a jA La£j . I ■ \$\\\ ojj^pj aJ j» .-iir. ellljj (JjS 

Jjjaal (Atomizer-Burner) ^jj^a -jjj/> ^ lsj^I (j^a LalaV I L-ajL <_>AjLa 

(J-iLaJ (Jla-aj jA—yJiLail L_lgJ ^gi Jj-^ajc dlljj ^gjj Jjla-all ^ Ji <Vit\I 

<ijjJaJI Jj^j (-i^yi <_y^ (<3" J-^>°) (Monochromator) jjlJI 

jjc jLall frjjJall aja . aJ j t tni^l (Photomultiplier) (jJj^ aau^ax j t4i!uLaJI 
(j-a <\ £-a ^Lj^S ^Lli-a-a ejjJail j^i .-kij . (j_alll (_£jla.VI (J1"S oil 

j& xoaj ^Jl I jiwj ta JJJSJ ^1 JaII j. ^Vrl l 

(J^-^ UJ^' cS-^^l J^o^ <UajJ jj 4jjaJI jjo jLall £_&jJall (Jj>*J . IfrJ^ab <Vl A 
.<i (j-aUJI 4a. jaII J jLl ^LoVI (JjSaJI 

AiLjaJ clgJ jc. aJ ^^ill 4jUvliaiVI ^l i3 -laSS jjJall ^-t * >i<\\l (Jffimj 
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(Atomic Absorption Spectrophotometer) <|jil! oaUalaVI t-iJa <_pLii«l I u ^i a u hjh\~ JS*S :12-2 Ji<i 



i jjjiiajl j .jj.jaJl£ till jia ^UuLi jj£j J #.Lall jl jlVl lllL>j.jJ 

llslcljj^a lgji.jLj 4j jla tllUUj jl jl 4_JLo jl j-a jl lllLu IaLILs jj^J j' 

JaSS jA (J JajiLJI jjUl j .4ajloiil j AjjLuu^II ililcli^all j (Jjjll 4 jja r. j (Jjjll 
a jSIL AiLuall i jaII <II j) ^ju J jk-all ^ J ja J ja. j ^Jl (J j*j ^Jlll jjljl 
jjc jjUl Jfi*J j»btJI 4 _ ? ia-All ^1.^*1 >n^U Anil .tv ^11 eLa]l .^JjIjjIIj jl S^jUJI 

^>l laaml ClibuSjj ^Lu jl jjoJu>La]l jjl ^aau 4jl La£ (AjjIa^JI Aa^ljll j-a i_jjCj-a 
^1-jiojaiL) (jlru La ^ 4jjjjJa jjM <_5-ic 4-ajL^all -ijjill (jl . i_) jliajl ^ c.La]l 
jLl^l tllallaj 4jJlcS/l 4jsJU-a j CjLdaj-aJI ^tjj) j tlllcLu^ll qa Jl61\ ^ «.La]l 

. gjjoul l j (JJjil AcLu^aj 

(K 2 PtCl6) ^j^bjJI ^^jj^-? jjj^ Cy° L$y-» uj^ 

1 mg/1 ^3** (j -0 UJ$ ^JP^.J • tlolljjSil JjH (j^s 4jjiiJa dlLiA^J 4£.jjj^a-a 

jl . 1 Uji y^Lia jl S^l j£ ^^xaII tlilbj^ll 0.5 mg/1 £-a jj£M <> 

L_ajL^aJ ^jjl t^llil 4jLLa jjlauajl aJlA Jla jp» £cjLJI jh* ^gjJI ^ jllI jJull 

dJLjS- ji£L) JjlL^-a ^jjc. AjjLaJI t_jjjbVL) 4jjlLaJI ^Vlmhn .4j*jjlall c.La]| ^ 
JJC t4jjj^ajll dLaiUall i jjl 0.1a. j 70 J 0 jJJ £ jl j2 Aaj dsli <Luailja 

.(lll^lja ^^Ic Jjj-atail ^ jl jAjLi till jjia-a]l ^ -la.jJ < ■ llf.VI ^ 4j| 

^SAill CjLjjjJaxJI j AjjjJaxJI j| jaJIj AjJJjl 4jli-a JJC. dil<\j»n-> (JJ*J 

jj^aL^aial j c._&jJall ( - UJ uU JJC «.La]l JJC c- jjJall JJJ^ J^' jl_a-aj 
4JaaJvLajlj tilli juaIj j^-aJj .6Jj£*JIj «.Lall JJC c. jjJall Jjja cJ^-l-^ ls^-^-J 
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ojj£*JI JJ-i2ll (JJ^aJI ^Jfllj .a.la> j 100 (J 3 - J-«^ eLall ajj£o jjlajjj Laiu 

dsl.ii.jj jl^aJI a^A dsl-j^j (jc- ^>J*Jj .AjtAxu t ^ \ Jj ^ J-^° "> j S- 1 

^lii 4 ji'q"i\| a^J 1 g ml j5 BjjSc 4-aja ^-ii <ji '" 'J^ J •(JTXJ) (j j > n^l 7> ajjSc- 

. f,La]| Jc- (jj ' jSI 7. Ar<\ni 'ajj£c ^IjLa al^Auil j 1 aJ3J 4'a.li.j 25 

*j is tl (ja Jal SjIc ^ill j A>lU.rt\l *L« J SjjfUJI ^pLa j 

ajjflaJI dll^j jjj . ( jlfa jijip) ULuia Jjl*-a (_£jLaJj ejj^C (_^iLLa ^\ ^"b nU 
(jiiULal tjS-«Jj .(NTU) ^JJJ^a jb'b"' 'JJ-^ - ^>^JJ W-^ - J^J jl^ajbb"' ^ ^'"'W 

^ail jjj t>) ^Sw^a j J S jj^«JI <_>>lja 13-2 <_&^ J j-^y ^ill Sjj£*]| 
U j (NTU) 1 t> l$ fji) (iiuull) J^J (NTU) 10.000 j 40 a* c jl 

. jL^all Jj V jjua j lillj <jjJ 

• 4jjLa1I jjc a^jj^a J- 4 ^ (jiLoJuj lilLai jLj££ ^Lu^a-a Sjlj* ^aJJ 

i — ajij|_o£ (jjjjii .AiutSI jjc. jLaJI ^jjJall I— iLuLall j ialil! ^jj^all i — ajij|_o£ Jis"inn 

<La ja> ^-a ^ii^aJj ^LaJl J a-luia J J^-J 4 1 " £ »* ^1 » J' ' a^A 

ajjflxll (jj^J La^jc <La la»J i n ^AjjoU (jj-i (j-a) AjjljJj j -90 ^Jjl j » j> 

(Jja (j-a ""^ «• jjJall BjjSatll (_>ulja (jli 4ullc- ^Jajoi jia 

1 " n ui _ajJall ^jj! ^-aJ ^JJj .90 <Jjl JJ Jj^>-a]l ClnJLall £ ^ajJall L^jjI jS 

ejj£*ll LaAic ^4_uuill) Ajn >>j J j .l^a. Ajllc ajj^C. (JjjUL ^LajaJ] 

^jjlja (jj^Jj cialiJI jj^alLj AjjlLa ^ ^ a ^»LaVI Jj <aJLall j"n n\l (jj^J t<j^aii»la 
jSjj . iatill f. yJa\\ Jj 90 jj j'nnill j Jj^all _ajJall AjUiii jA 'aj_a£*ll 
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M 



(Hack Co Loveland, Co. >** (ji-jLiu) SjjSt <j-U- :i3-2 Js*i 

<1oj (ja ^jIaII UJ^J .14-2 J^*^ <^ 4jauJa_jAll ^j- 4 s ^ j»l^aJLoilj 

.(rpm) 300 5 i> £ jl j£ AilLkx 

a-sLJI £0^' • j"'"^ ^ l>° ^ ^"'"^ a *— 'V*^ W^j ' ^ 1 j ^^^lt 
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J jL « 4il___] _*j j 4JL-.- oj__. 80 <_J) 60 (rpm) <c £ j-u .4_oU 

^^ic. ^jUll Jj«^j <j^y -15 min --v-S 30 (rpm) ^j-u JxLA\ 

jl^-aJI J_____Jj .4_iLaj _lslj__j 7. L_llcj__ 4_s_<s^)Xa 4j-jAui ^)JC JloLa 

j| j£_u -r, n > aJ La 4 4_u <_Ua_l J___aus (jC (_]____■ _al j e_A -t»a^)JU_il CllLa j1*__Lj 

4^Lu__ AjjC (_)__ . jlia-aj jaa. t i_y>\-}^ t 1 « ;t 1 >\ '. _J_-a j _ljl__i)a___-aJ 

. Lj_l___ <\ J I 11^.11 (jjj _J_l__]| (jj^Jj '-l}^ _4--J (^J-^ 




^ i_iUj3l!I 1 11I j ^Uaj-II j-vl_ £-vj ji\ _j| jbi-l <j- fiVm' £ j_ Shi :14-2 J-*- 

(Phipps & Bird Inc jjUll 
CjIjIu-.! <_DL_w ajj-UJ] Sin. 4_1J ^1 <&jaJ j) 

aj&La-l __J_ _L_a_l La-Slj- ^ lautJ 4_____aJI _Lj__ ^ £-"ilj (jjljLa (_-lc- 4 \1 r m (jli 
(Jjju- .clilja____l (j-a Igj-jj 4£.jaJI ^Aa-Luil £-U_ij71 -_l!jb___l ^^-S 

^•UjjVI -111 jLu_J (jnVin Ljj]] <_L-a f3 ^-H g__i_H 10-2 J j-vaJ j$J_u J-U 
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tgj ^^j^jj 4jjj3u~a$\ AcjaJI jj .4juill J^LaiL j£c jgj oLuj j/'Vil 

<jji.VI lW j*^ j' ' J^"J j* 4 i>> 40 mg/1 ftUll si* 4jJUa1 



jkali ^Uj jV) cj| jUil giU: :10-2 JjJa 





Is- 










(GPG) 


(MG/L) 


(ML/JAR) 




^Jjjv 


0.85 


10 


1 


1 




1.17 


20 


2 


2 




1.85 


30 


3 


3 




2.34 


40 


4 


4 




2.92 


50 


5 


5 




3.50 


60 


6 


6 



JJj jliuiVl S Jjiaj t_ 1 juill oU-a JjIflJ! jji L>* CH 3 ^ ^J?.j i ,llm"n 
t jjlill LS ic l^J^J j3 jlaJI l_JjjuiJI eLi«a ^jlaJj V <jjll dllat^ala nil Laiu .4alll 

<aU11 CjI JjQ-^l gi Jjlill 4jHiall j£ljill J . jliu&l J^u ajjj£ 4jL^a) CjVU. 

^\ jjliJyl jiJ <j» t aiaj Lojac. 1.2 mg/1 j 0.8 mg/1 jjj <*aljll l-jj^I oIiaj 

<C JjuoJ iil£ajj J.1a1! eL* <=JIxa1 AiLiaj jfLu (3-2 J J^?.) Jjlill 

.jjlill jji ^Jaaal 
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(Colorimetric) jlSI ^LjJall j (Electrode) ^Uj$£ll i_Jaii]l AiL jl> (j] 

(jc Jjlaii Jj^aS (jfLu .(_l)aSl] AjUJLoiVI tjc. Jjlfll! (jjji Six^a Aalcb i.nmTi ^gjll j 

jjla ojjL (jj . tlJjSi (J^M^j ^ jj^ P-H (J^^ jW^J CS JC ^^° < -t* t_Ja3 

(JJJ-aJ LailJ 4 \l» II cJj^ " s J U JJ>S ^ . J_ylsll dlljjjl -i_J^J T~ j"'' 1 

U£ Jajjj t lull 'to ojjlx-a ^ 1 a jJjiaJ ( ■ la-j .Uiklj tjT-^^a V j\t a 

jjVI S jail C5 ifr Jjlill dllLLaij .LalxJ . jjlil! jjSjJj till j3 tg^^-j j^g ? ^ tl 

U.)b ' "^.fo J^J'" 0^0^) CDTA J jla-a 4iLiaLs C-jLjjf i <*tll ajl& ^glc. (jS-aJj 

J t^illj 4 (Cyclohexylenediaminetetraacetic) 1 u^p 

jjjf <iL^| ^ jjUl ^ ja ^lk^. jji^j) 4 (Zirconium-dye Lake) 

jjlll AJt^a (5>aja J-a JJJjlall J^^J .(SPADNS) j^jUoi ^Ufua ^jjj jSj jJI 
.jjlll ^IjL-a Aijj^aj (ZrFg) tjj^' f^"^ -* 3Ui UJ^ <JS W^" ^3?- ^a^-Vi 

U o^y^l d ^lal L^jj^ jjlll j±q jjlill jb.-.jUj 



92 



Ipjliol o^L^Lol (j-UJ (12-2 c&S) cr>^ c^b^ 1 J (H-2 J^) 



«UI jj j <b*j| jll j ii h\\ -Lfuia JJj-a i_)fL2u Ljajl a^aAi JJ (_J j3 Sia^l (J^lc 

. C.Lalb Clll jj^auJI (j^> jjixiall j Aj^aJl 

(Hypochlorous Acid) <_ya**> J^A^ c-Lail ^ jj^l 

(_paA^. Jc-^jj .27-2 <bU-a 4 (Hydrochloric Acid) tdjjjKjja^JI q^a** j 

jxal jjlfLpj (NH CI) jJ-al JjKjjj-a ^Irtjl eLoll bjj-aVI £-a jjjjKjJJgJI 

cllJ ji .Uj j-SUj 3 w^i cjU^u Lu (Ncy ^1 jj&jjj (NHcy 

(N,N-diethyl-p- C#*\ P-JAi! c£ J N, N jbii.1 ji*£ 

(jjaLj tJaiij^l jjHJIj jaJI jjl^ll "-^baiLa u£ Phenylenediamine) (DPD) 

^■llall j^JI Jjl^ll (Jc-liL ^ J^l UJ^ J J^J^J •(^b-all *bdl ^bjc 1 agjb^aS 
Jjjll jji t> AiaiJI djULjaVI Jc-bjJ U jl biw-a DPD c_Lil£ £-a 'jJ* 

^jjjoi (J*3 (j^ajlail J jJI ' ^ ' < ■ .b j] blaa ^ (joal jjK £-a (_£ jlii. (JfLlj 
£-a Ij^Ja ' - ' ■ "I (_jjilj J^*-^ 4ib£ (J^bs (jfLaJj .(ja^l jjK <_£-lll (JjS jj^s 

J^Uii J (FAS) jjOj^JI r»Jjjj^ ^bjjj^ *Jjb-aib la) tj^Sjlall JJ&JI 

jjJa (jl (jjobLaJ jl jia_jjb 515 IajJS 4^. j-a <J>^ ^/'J' ' V^"^ (J^W^* 

. jlajjb 530 _ 490 Jbi-a (j jj^>a Ajjlaj jila ^« cs^bj^ 

Ajlli. aU-aJ i (1) :AjjV (^A ^jjjUl jjjibLaSI Aijjia Cl! jlxa. (jj 

jaJI jjKl! cjUiU 4 mg/1 <> JiSl ^1 ^ C IUI jjKl! jl£ li] (2) jjlSlI 
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jjlij A fc.-vN « ■ "j eLall £a DPD ' ° yjl S J jla a j ^iala (J jla a ^^jliuijS (J jla a ^ JaJ 
KI ja e.la.1 j a jjL i_sLiaj 4 JjaI JjKjj jaJI jj^ai] (3) .(1) e«.l J& (Ja^jj I Jj2 jjlll 
(JaJ (j-aj (4) '(m) a*-l J3^ ■ ""'j A fci-^N (_£^i.l Sja -"'J ■ " j ' A hx SI ^ j-aJj 

4iU&]l jiij jjSjS a ^1 ja. .Isuj . 4iuJI <J KI Ja AjaL-bj CjIjjL tjjlJjjKj.il 

< jail jjISII CjUiLa :(l) jjil cj|*l ja j^5 8»l j& dWls jjHl 

- ( E ) <NHC1 2 ) jJjjK ^ - fe) <NH 2 C1) Otf-^jij- =0 - M 

.^1 jjKll CjUila l±*£ jail jjJSH CjUila :(t) 

jjl£]| LllLiiila jjAjS 15-2 (JfLkll! ^jJa jaJI Jj-aawall jUI jjLLa]] j^-<u 
4a-ajJA bjjUaj ^lalij 'DPD 4ijia 4±ajJ jj Ajfll . all clal! (j? K]l J jail 

« jl jfl (jaj3 Ljlc Ajjlail jbua.VI <Jc jj .LiaSj £sjtlil J^ajC- AjjlfLaljj Uhno 
Ajila Alii ^iajj V AaiUJI 4jj*ll jjlll 4jj^ Ajjlia ijlWu ^1 j 

ellLjLlall 4jal ja! SjIc jl^aj lOA ^^aJLaUj .l_ljiil allA ^iilaJI JjKJI jAjal 

.AaLbail liljj a La ^ 

jj^a SI oL-J-a ( " \\ nr. ^ Jjjj ja jaj cs^ 0 i_;A'" 1< ^ JJ^' Ji-^ (j-^J ^ 

sj^UaJI JJC. CjI jkail jl .A^JaaJI ai-all £a JaJill L-UjoU DPD JJ 
Ail JaL t_S ji-all oUa ja jjj-kaaJ ^JJj . JJJ^J ^jJcl J jJI J^M* 4jL J^ 

Jj — Ls-a J i(Phenylarsine Oxide) ^ — ^Lja jj — ui J Jjiia -lu^l j^ j^lia 

lil — Sij ^Jala ^dlllbailj dL>La. J jla*A j ^ j^ljjil .Ipjjl ja sjS j ^-a tdstljjj^jjj 
j — a UalLa I jl^La JjKSI t5 Sjla Ajaia^J .4.2 J 3.5 jJJ l^inai pH —Jl <aJ j^aaai 
aj^a Jjj jj| ^Jj a Jj3 ja Jjai ajjAj fj?'^ J ja- JjJ ^ii-aj] JjJjjVI jjjl J-aJ^S 
J — alia Ouji — ^1 ^sfu ja jjIL .^.jaII JaUJI J ja. j ^a i - u J Tn jI^aj (_£ ja.1 
<jaflj (Jcliiill IjiA j aaaU 4(_g ja.1 CIiIaKjj .^^jailja J jj Jjla»AJ ajjU-iil JJC. (JUjjjI 

4 IwJI ^ a J clffi ^J ^gjJI ^ iiiljqSI (jouijl <Jji}3 JjjoiSI <ja£ jj^sj jjc- A_al^_iil 

J j—i] aj_uiUJ ajjl *a1! JjJa jc V ^LiaJI - jjll ^lOaa^L liUj j ^JUaJI 
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JJ — ^Lall J jail JJ^JJ (J- 0 ^ (J£ (JJjLojl! I ■ li^J ^aJJ lillijj . JjlfUl ^Jajall JJ JjV^ll 




LiUa dU» iliLuft yi yJSllj jaJ! jjJSJI CiLjLia <_hU1 4jjlkJ! yJfr <>*j yJjJ =15-2 Jii 

(Hack Co Loveland, Co Sistj-) DPD jj 

CjtjUill (JjS (j-a tdlljjjj lu_^<sl >-\ ^gi (jjoiLuil cJ^iu ia.jJ (_£^J LS J**a*l\ 
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IAjjjIj A -\ j"n Lj-ii. LuLa lj jla Ljj-aVI ^)JJ»J j . (j jlll flji ^tn all c.La]l jLoojlj 




tfjuoail (ja^jja^lj Lu^St! CjljUiV jjiaii jl^a. :16-2 Jii 

^jaj_^Vi uj^I uj' l}^"^ dil j1t*> ,i<u*jj .16-2 ijfLill 

Ojuj .*.LaJI jLllc- (j-a £cjlill jU_J! ijj^J^ *SU^ ^ Ji J 2 ^ J J 

jj j pH II f^AA (J « t <1 > >>J c^^ia jjiL* (JjJjJ ^ AjjatJI J 

.(39-2 ALU*) jjuull jaJ Jj! jail 

NH; NH 3 |+H+ (39-2) 

.ojaJI LjjjxVlj jUall jlsuV ^j-al! J^V.J c3JJ^ LS^j ' L>° ; ^ ' 
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t jLoiJI ^-=kla 39-2 4j^U-a 4^»jjjj-al tllbjJl (JfLjJJ liLjjjll q^za*. £-a (JcUoll 

j^Lj dil jjjll Clilj jjI <Ua£ JJ-^iiJ ^5^^ U^ 1 "^ £-« Jjl^-al] jj 

jjj iljj _o-aVI jJ__pj ^ISlLj 4jjjJa*ll a^Lall ^uJaA ^)jc. i—Sjj^all aloo ^ 

.(40-2 4J^U^) 4jjUa£ CjljUa. 

U^jj^ NH 4 + (40-2) 

QA (jjUcLol 4£.Lol ^ ■ ^3U < J K frill ^glc (J Sij > JJ J . .i_ajal^/l (jjlSI 

4ikj ^jji^ll (JJJ^I CLujj .LjjJ ^joj^aVI Uji <-)jJ^J pH —II ,0 ji 

^jlS I jjj .Lj j-aVl (jja. jjaj (JjjIjsJ jjWfrillj <Jc.lai3l ( _ s ^lbj t Vi^ll ^ -laj^ll 

(Total Kjeldahl Jl^liS jo^-jjoj j n->nil l tjjjb> ^ j^-> ^ 

jo^jjli jc. ^jjJaxll jja. jjlill LjUm j^j jla iNitrogen, TKN) 

jjj AjjaJI jjJjA JJC S^JiU-a ^gi^JI U^?- JJ^ J^"^ tj^J 
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j jij j jLp ^LLjUi (jia^a. JaUjjlj (illj j 2.5 pH ^j 2.0 pH 4-aja 
jli t(Dihydrochioride) JjjjKjO^jJ NED <*-a (Diazotized Sulfanilic Acid) 

^UvjS c-Luic. 3 lam tjj ojilall _ JJ*"- ^jjlLcll jlj-all <UI jl ( . la jlsk a j^C- AJuxl\ ( lu lS 
^ jjJa (JjAjS jjc jjU! jaij J^-^ (j^J 'UJJ%^ 0.45 Ukj.aa CliLaLuus 

. jiiuojj a^st-a ^JJjJ (j njjls a £-a Ajjj^ajJI AjjbLail 

Ujjai NO 3 •(» j^a-ASJI Jl ^JLj^ till jlill jj^jj jJij 

t.W^J J ji^VI *2j tpH —II JafJa J ajj£*JI <JI jj ^*Jj JJ-^I ^ja.jJ NO j 
£cJU-a]l j ljjl?>J jSjiaJI Cd dll ffl J c-jLa-a ^joi 30 4j=.UjjI jlfi-a JJC. AjjaJI 
jc. £CjLill Clujlill JJ^Sj ^aJJ .(jjjlsvjll j-a li^Lc- (JSJUl CllS0 4 (jiilaall CllljjjjfL 
<ll jj jjc t4jL-sfyl AiuJI y3 bja.jx jl£ Cjjjij <j$t ^Jj 4ilJaj J jiikVI ; ULaC 

-(Jiiaj-l) -N ,*-a aJojjj (Sulfanilamide) owl Jjj^^ ^kJjj j^jjjill 

4_u jUI 4iLj£JI (JjLiS ^JJ • (jj^l ^ sffi A fuy j jgj 4jeju^a (JS un\ .ll-al ^ J jjb'u! 

^Lall (^jJc jl ^jjiajJall c-LaJI ^^ic- (_£jaj sJ^a-a jja^jjij CjljLli.1 .Xajxj 

«.La Cjljliii.1 t_Akjj L_sI^a1 ^gifc t^jjj^ill oUa j jjJUaII 

4-djl 'ajjA^aJ ^LajAVI jj% J2 tLa <_]j.aa. ll IjJj ^jous ^Liil j .JaaS Cjljjjll JjLvj 
jj£l jj ^ j<\^» a ^.LaJI ^^JSJI j^JJ-^ if J^-"yj 'j 1 J^J- 4 ^ (j^JJ^ LS"^ 
jjjtMI .diljlill j Cllljiill jaa.jjijj Uj_a^VI (jja. j jJJj (_£jjJa»JI ja^.jjlill 

. jja. jjjj mg/1 CjIj^. jj djIjliii-Vl gJitij jc. 
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jjiuijAll 

KH2PO4, HPO4 t PO4) ClLxjkjijJ jA jji^jall £jUll 

Ajxlual l ll Aiklal l £-U^> £-^J J^-JJ <JT^ J 'Na 3 (P0 3 ) g lllLLai j3 yJjJI J 

JJJjVI 4*J> <*i eLall ^ Clllijaij3 ^ jjll ^>hir ,n 1 alaJJ .(_£jjJaxll jjiLjjjallj 

ojj^Jj . i"iUi 11 jill tjjxa ^jj^- 4iiaJLa]l 4jjjJaxJI a^Lall ijKijj 1 <iijj t<iAjll 
.AjjUill ^UuouVI jjJ] jl CjU jjaj £-?.J4j U»A»«a CjlLo. j3 JJ JjS/ 1 t-r^jlj 

J j^j jjLajJa jA cdjUliiil Ajjj^J! 4->.\1t dj) jl^r. J (jjUJjll ^LuA^Ij 
^a-L^ll L_ajj^all aloa c.ljii.1 (j-a ^C.jlljj .^^.ajjjajl j<ull ^C}1 L_sl£ jjLujjS 
I Jjc ^yclLuoll Ljjj^JI aLw (_H3*J (jl V] toJlc. tliliui jail (jA i_yala Jc- 

. (jjjj^jjjj^ll j Clilj^jA jjj£1I qa ^ijj-all ^jlxaj£ll IaI jla a 4 -yi'n djL.ii.all J 

^4ijjVI) jjUJI JoajouII Jc. jjijoi jail clijij A^ilLa ,J (j^ujll ^UuaVI jS^j 

L-lllai Sail IjLja I jaj L-UajjJ (fllll J-aVl 5jaJauill oUaII (EutrOphication) 

.SjLjall <jjU1I t_jLi&Vlj 

jj^^all JjjjKI 4j3 jlll AajjUl ^ diLLa j3 jijjVl jJ^ail 4juLill AajjU j 
a*il£j cjl^jJjxi ^jjj jal (ja ^si .(Stannous Chloride Colorimetric Method) 

4_naj lilljAj .(jjlll Jjjjl Ljjc- lalst-a ^ jaatjl ( " lli 1 a jail ^-a jj.*!* ^>q\l JjjjK 
^ jj j^jj! j-a j.talall jjLaijall i_yaA^. Aijjla dilijujja jijjSn jJ-^Sjl 

djl^jjlj^ jUj'VI ^jj^ljlall ^iVinn .(Vanadomolybdophosphoric Acid) 

^I ^'udU (jjHI J_A*j (J^M* ^JJ .dllLaijall (jjjl £-« jSL-al li jl ^tJJjl ^jJJj-aVI 

4jLu£1I CjLLujill c^loll jUlc. \a.j± oka 4Aj*1 A-u^asJI aLkJI Jj^j 

J*?* t> JJJ^ LS^j^ UJJ LSJ^ ^}J^3 'cs^JJ '(/J 5 'JJ^) 

djliioi jail i_yax^ 4iiiaill al alaJI JJ^J .ClllajaijajJjjl ^CjUjaijalluiLja^A 
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jjjju^J Ila. ^gJJ lillj JJSj <j£aj 4j| jjc. t41a jLa V jal£ AjjjJaJtll <_j\_£ja]| 
j/i j jaJLall £■ jaJI (jj .'oLalaJI ojl ja> 4^-jJ J j-ajj (J^^^^ * j3 J^£^ 
1 OA jjc. jaLaJI j j^aAaJI aJojJ jj a I alaij (JjIUI JJ*" 4\ajj£JI CliLLoi jill 
.a JjjLui <LALdl ClllLai j3 JJ JjV I <ia La>jjL-a jLii.VI 
l^aj 4 m 11 Jja.jAll Jji" jsll lJS (_£ j3 jhni aJojjjI jj ^jJo^JI (Jjaj 
L JSA\ jjLx jsl\ 4iU siUal j tCjlLij j3 jijjl (_£ jj^aaJI Jji" j^l ^ 

jl i^W'njjfSJI jl liLjjKjJ (jhrt^ (j-a Laj j^J-a <Jjla*A ^ 4 m \\ ( _ 5 A*J 

(JjjILj .JaJJjaJI Jji" jail J^J^J ^jj' ^r" 11 'ajLall ^uJa& ^aJJ j_^£ (iLjjjVI J 

. diLLai j3 jj jjl (_£jia*<a JJ-jaoJ 4-a jjJag-all 4jj»JI jLuilj <_ 5 J^I JJ*" J*^ 
4jj£ ^gi JjL* jj]| c.1 jaj t bl^j jAj^aJJ 

jjj Jj .^gjl j^j^ll jjLjj jAll AiLiJaj dll ffl \l (_3J3-i jjijajAllj 4^4jI.1a1I) ^JjjjjI] 

^ klij-a <Ua — ujIjj ^j — kjjjll j — JC. dll nj-sll (JJ2J Sa^jjl jjc i_jIja1I JaAjll (Jj^aS 

till jl JJaJ jl aj] j — a jjS — ui jsil J — JjKMI jjSjjj .0.45 |Jm (jH^^- 

j a -i 7. t \\ <LuilLa «■! j^l ^..'^^ ' " ^ ' " J (J^aaJL aLalaJI j ( " lU i a jS JJjjl 

L-llajjaJI (JJ3J jjLujjill (_g jii-a (—sLota. ^JJj .4jauijajl JJC. j 4ja_»lij-ajl CllljjaJI 

j a ^ kjijall Jjioi jiJI '"^'"^0^ C-^ 3 ^-^-^ JJ^J^^ ^'j^' (j- 4 <-l^ 

JaI£J Lajj cA\Liall Jji^ jail jW^-' ^JH-^ 

jjjj J L_l "^J I X_l . (JJ JJJ J til J J ^. ^LjljjJI jjC. JJJtMl l_J jLall J J jiuJ jill 

ij^j C. ^ ( 83t-Ja]l Jalij jjjl j . jbui.VI ^cjljj ,^-a Jji^jll ^ A.rilrtll Cjlc.lja.VI 

c Clil — LutJI £ — aa. Aajaj (jij jj j»ac ^ji j-a£j ojjjuilall £aj jaII ^ jjLaijaJI "-IiIjUj 
( . ^1 jSJ (jjj^lall Ajcjlall jj .(_g ji.VI AjajjowJI jjjJaaall eliloLaC. j 1 g ^.jmijj j 1 $ V>1^ j 

dj ja_J a_a tCj l juL j_-a Laj 1 (Standards Methods V^U^I JjW) 
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f, j — a. J AjLLjJI tllULlall djJJJE.1 (jja. t(j?-i<\-\\lj a * \\ JJC Ls ^\ JJ*" J 4 ^ 

djIjLikl J£ jjlaj jVI 1 .1 . ^ , ; (Standards Methods) .^jtiil! ^ 

a\ C J jS ^^aJLaball j;Unall jl£ (jja. . Jjioi j3 mg/1 J ^iiaj^aAJ dllLoijill 

fti i ' i sj <-aau c jjL^ja mg/1 iliLLai ji mg/1 JjjaJilj .ilALx jk mg/1 jA 1971 

31 i g2L_sll i_j>1i j (P0 4 — S jjjll 95 (jlc iUuJI ^jSII 

m g/l <— iUjujjS 1.00 mg/1 jli <_s J=^ ^AaISjj .(jjA^jall ^ jill <jjjll) 
.Cjlioija 3.06 mg/1 csjLiU jjLj ja 1.00 mg/1 J < jjiuja 0.34 



Ajc. jj jj^o ^ J*lc (Dissolved Oxygene, DO) <-J:uil u^uo^Vl 
^ja (j-a (levels) tiiLajiuox <_alc.Vl ^ ^ jj j .ajjjJjxSI sjLJ] lsw^ 1 siKijJI 

^laJ j Ja Jjji jj^-J (^C- A Sail -s <\\\ L_lliaj1 ui^VI (JjAjS jjC ^1 jgjb 

ala-a ^lii^l JJjSj ^ DO t- j»,S'uM .Sjjl jJI Ajj^jJI ^iij AiUaJI 

•BOD (Biochemical Oxygen Demand) ^Ija^ cfjj^ii . uS ^U <-a jj-^I 

.<aljA ^ Aolaj jLol jki t_ll jiall ^joajoiSSn jlil3>.V BOD ^gj\-baj£ ^ joa. ^jja i aSl 
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KjAjj ^> ^*?^ 'u "'J^" iBOD Sjjjli i£>u jUU <>ull 

diUiaill jj^l jA j jjl (jiiUa Aijjixi ^ ^jJI (Azide) JjI jVl Jj-i*j jj 
lillj ^ ^Ljall jlili-VI ^iV^-nj uj^hi'sVI (jiiUal Ic AjjLuu^II 

.(17-2 <J^) 1«j3 *UI clxj^ 300 ml l**^ BOD S jjjli 

t> 1.0 ml 4iLjalj jVi S jlaaj aJJ .ojjU-all ^gjuAjS CIAjjjjS jJJ 

I Ota. jaj j fil j^JI tlil&laa jU.nmV tij^j BOD SjjjU jjLSl£ll ^ 

j-uxi&ll (jjjl (Jclioojaia yJa * aSI ^1 .iakjj *] jli . JjSLa cJ^J e jjjlall L_ila jjc. 

4Mn(OH) 2 Uaj (_kujI Uj^I j JfLl^ au^jjjj^ll jji £-a Jaaa (Mn ) 
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(Mn ) <_ s -l c -l jjjxiall (j^aau LaiStjJyjii (jja-uiSI ^ j jla .41-2 

.42-2 ^taU-a cMn02 OJ^' tpi -^J**^ <-&^ ^ M^j^j 
Mn ++ +20H" > Mn(OH) 2 | (41-2) 

Mn ++ + 20H" + - 0 2 > Mn0 2 I + H 2 0 (42-2) 

2 * 

(_sl£ CjSj] t*J jjj o jjjlSSI £ j j*jj 
(jo 1 ml ' ' <aj jl*JI * j^Ji ^ Ijaj 4£jLj l-jjujjjj] 4ajlaAj£JI i_uJ jjll 

Clllj-a ojc 1 g ilsj £ j-aJj (_£ ji-l oj-o sjjjlaJI JjoUj j£jAll i^j'ijjjilll jiAa. 
j^JaJ .ojjjlall (J-alS ^gi 1 uulaJLa jL^aVI (jj^ ^ J » <ajj LsLaJ JjLuall (Ja*i) (j' 
^LjUuUll Jjikl diss. t^j^aaJt AiLjaL ^ ^ill Jcliull 43-2 

j . ja. Jjj ^gjj -lp jJI (jjjl jj-a AaSlfLs 4j-o£ Jj^J £-« tjjjlijLa ijjaiS) ^gJj 

.u^\ ^ aj=^u m<u* ho j jjii 

Mn0 2 + 2I"+ 4H+ > Mn++ + I°+2H 2 0 (43-2) 

j*j AaL^>Vl j* 200 ml c201 ml <Ua>a. 4jj*JI jIjLo t.i.^j 

sjjjla ^ BOD II ^.U-j <>> 4t-Lil£3! 4iLja) Aa-UJ 4jj*JI SjLuia. ^CJA . aJ 

djlj jjjI jjj CjIjjjjjS jiil! A^bj .0.0250 N dlujjjS J ^ sjjUaD 
.44-2 aJjU-« 4 j jA\ jjjI jaJI j jjJI Jj^jj Uiu 
2S 2 0 3 + I ( ] S 4 0=+2I" (44-2) 

tjjlll j=JJC JjLjj ^gJI jjUl ji^aVl .ijjJI JjL-a ojjU-a ^JlaujJ ^1 Ijlajj 

.(jjjl lij] ^ Laat-i j^JI jjjJI j j*. jj L_ilju3l pLjijll jjj .<_Lii\£ jJ^\ i . iILjj 

J ji^-a (jx Jal&j £j^aJ ( al > W) 4^jli]| (JjoSII (jjl ^gJJ Jj*^ SjjIxaII Jxj lilljii 
Jjia-a ajaJLail I jjj pliiil ijjl (^jJ^- 0Jjls«-<JI J <\") i aJ j ^Liall 
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200 ml ^ jLuy ^ lj! jull I jjjIjI 0.0250 N ^jUujjS jjj f 

•DO t> 1.0 mg/1 SjjUaII Si-all j-l.Oml jji tAjL^Vl <i»JI 




SjjU .BOD Sjjjli <ji IfJUjj ^ 4jjji-> SjjU j-a O*?-^ 1 jtf» :18-2 <Ji^ 

.4jjxll 4jj\-bttj£ 4 7. \\r a (jjJ (j<a <_sljull 1 n^VI C-H^l AjjLjC. (—sUaS! jSjJJ 

^^ic (jljji; j,;.'^' ^ jjj' h ^ (jjjW^ (j-a 4- iI^aII (jj-> m^S/l (Probe) Sji—i j 

(_J£jJu^ ^l&ijl c.Lic. 4 l-i 1 J jj pLail (jC Jj> ^i1<i\l ^-s \*\\\ £-a (jjLaJ 

Jjk^i ^jj^JI i_jLLaS/l ^ 4jjUJI S jjLoII <]j>*1! U^l djlL .(18-2 

AjlfLa ^ ClliLa jjliiill jl tjjijJj] JjJ^ t>* SlLi-a j 4^jJj-iIjjJI JjjjK 

jill .Sjl jajl 4j>JJ (jijal (Sensor) jtu'lnKii Sjjj* SjjI—JI J .-laUaAll ^ AilaJ 

a^VI o-Ul L^u^k (18-2 J^) Sjjjlill JiJ3 y^JI S^v jll cw^> 
Uj>.^Vl jjiail ^La jS-wj 4(# jjjio!>UI BOD jLuaJ ^ DO cJi»ll 

.dll#.ljall (jaj ajjjlall Jjuo Slcl^-a £-a 1 g mS'i Sjjjliill 4jalii-a 4jj-aj (JjL^aljij 

j^fl Ifrll jjj jfLaj jj J-aiil aAjIS JfLill jj-aJ ^gjj ja jA La£ (AaliaJI SjjLuJI j 
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Sia. jll (jfLu Ia£ .'ajl jaJI j L_iljull jj-> uiSVl (jijij] J jl-i=>JI J Cjljoaoll aLiA 

djlji^a. ^ l_ll.la]l (jjia-uiSVI (JJjLjS (jS-aJ ' " 'J"- < (JjJ^ 3 ' . U' iaSj Jj^Jj (jl 1 g uil'i 
ajl j^JI <?-J-i LAjLo IaA ajjLoJI a^A ^ <La jaJLobaJI (^UaSI a j^?-' J •'Sijfr^ 
i_JiaJI ^ghj jlij jti.La joe. jfi-all ^ \ <\$ \\r ullj i—iI^aH yja m^Vl j 

4jjC j| Ajjja^Hj ^.juio «.\ jA ^ 4jjLu«JI L_lUaSVI ajjbtA ^JJ .4jjUoj ^JajoiljJ 
. J jail <_>ulj3 4jL^)laJ 4jl_uia. ^aJ |»jLtA <— (jjauoi^l JJ^JJ dlli aLlA 

4juI & tllljLikl <kiall j 4I1xaSI <LUJI j 4jjjJa*]| 4_iLa3l jl jaII CjljLikl 

(SS) 4_iliJ 4}\^\\ j£ jal (jj-ajAll ^1 ^ ^ *^ ^ 

4juLi CjV j^ua ejliU j 4ILa5I AaLoll -il jaJI jfwu j <500 mg/1 C-Jjjill aU<s ^ 
AjIw ujjoll a^lafUl J^aJjj j .4jcll^aJI (jc. <A aLlA j^lAJ ^ 4^<OViui.n 

<jLa_JI j| jaSI aJI jj£ tAjLall i jaSI aJI jl I^jjjL 4iliLA3l ^UJUaJI CjI^jI 

.oLaaJ! ajJaA <_£.il j| jaII j ajflaJ j ttjuujqll ilAjl Jp. ^ 

^tiSoj^j all ^ A j t j aJjll A ajuj AjISJI CjLLuaII 4_jKJI 4jLo1I .il jaJI 

L_ajj^a SI bLia jl *La3I (jA 4JuC- jaju .i*J j\\ n (jjfla ^ <j5j1a3I jIjaII ^ iaJ i n <\ll 

ia.il C- (jj^J JJ"** n Jjfla ^ m SI (jA ^liLa ->-%-s £jJajj .(j^allj i—ajiaoSL Ic-jiiA 

^ jl jli>J ^»La^ ^ ^IaJI j-^ nj .19-2 (J^-^l ^j-iajA jA La£ (jaLoijjJI (Ja 
t ajaaj ^ .IajjUoj] L^Uj jUlill (jc 2°C J JSI ' , J^"' UJ^ 

105°C j 103°C Cji-i S J ca^i jja ^ JaVI ^ 4cL S^J AijJI 

— c- — jj .di — jIj jjj ^ — 1] Jj — L^ajll t baaj ftlcj ,jA IaOjjjjj 

u^aVI jjjJI J -^JJfiSI (jjj^ (j^ C3J^' jl-^a ^J^' CjULuaSI dlLal j*jLa3I 

.45-2 5JjUaSI flWuAj 4jKJI cjUIuaSI jjSji <.m^j jUIl ^Jall 
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Jjj £4 ijjala <j-aUai£U JjjJj Jj> J- ikiLaXl Jl>»ll jjJioJ :19-2 <J£*i 



= mg/1 4aLall jaII 

(mg) 5iLj| cjUaiUl j jj x 1000 ml/1 (45-2) 

AjjaJI ^ml 

.^1 jail <ja.U.j]l <_aUlVl t> cs^ 1 ^ ^oij- (_DU. t> sjLall lillj ^^Jc j 

4 jla ^ 4 l-i i nl <la #.Lall ij-s. njj £-a3 AjjxJI (_ja (jjjj' 0 * f^ 3 

t^liljall ^«JJ 19-2 (J^- 1 -^ ^ ^jJa j-a j_^al * <aJ rt^U ^^Jaj^k-a lSJJ - ^ ^Jj^aj-a 
(jA 4jajlj]l (jjjl! J^ - ^^ (jjj^J fc ^">JJ ^•SSt ^"J^ LK*^ 
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4jjIaaSI 4jK1! AjL^II aIIxaII Jl jJ\ i_jloiaJ Lgjuiij CjVijuall ^VWi .djLiajlall 
J£*aJ (CjULuaS j^uijaU ALUll jjc.) <jllall SjLall jj^flj ^jj V .45-2 ALU-al] 
■jI^oaII jj^jj L>* AjsIxaJI 4aL^all .jIjaII j^JJ ( ■ ' ' ""'*'' tjj^bu 

CjUSjoajI jl JSlSjN jA <ajLll Clil jSnoll (JJ=>J ajLdall jaJI JJ^j ^jjj 

. Jjjs-o cPWj^ UJ* 500°C ± 50°C S J ja 4a. jAj ^jJS Jill jA <ajU1I 
UJJ^ » jLoia. <jc- 20 min ^ij 15 min s-jaI AjLoII jIjaJI (jjaj 

<LLla j| _jaj (JjaJI jc ^Jiblall j| jaII (jJJ 'SjLJa jIja mg/1 — J i3J^ 

4jL^all .jIjaII (JjlaJj ^ ^^iajoiAll j-^ nil (jfia ^ » ?"»•*»] < . 1">JJ • -jIa^j jl 

(^jUii) ^ jVi (jjjii jj-^si j j jja ^2 (jjaJu Asjnirt 4 -> si ■> j Sjuyi 

lil tJjjaJL AjLujaaII AyWt a\\ (ja <Ja.la.jll C_fiLft/l dlUJjjA ^cajoiJ V .(JJS-ill 
lg ipq'i <A^-s*iii)<\\l <Laj^)ll jp») j^alL <aia-a CjIaojja ^ ■ (j^p- j^-<y 
tj-iauall I^A <aj3 L_al i '<-\\ .(j^pjl 4 j"n jj_jll sjLuti. J^aua JJ-i&j ' i-^-j (jliii.VI 
^gjj iAjj*l! jA SjUiall AiLuall A a! > <all j| jaSI Sjluia. jj_$J AjjlLs l^a. Jjluia jA j 
,_^aJj3U ^jj 4ii^)iall o^Jj .4jjl!ill 4jL^all ^I_ja3Ij ^jjjaII Jj^)^. (jc ^cjlill jjjll 
i . \\ ma <_£/la jA (j^pJI eLul ^ ^^aLajll ^jIi^aII ^)JC- isjLJall jl jaSI ajLoja. 

.SjUUI *ik*ll ^IjaII 

aLUII s^IaU ^LLa^ ^jjj^ll sUa SjUIall jaSI Ia Ullc. j 

Ajaill 4jjjJa*ll CLiLiSjaII jA jjoSJI <JJ^ jj '^- a ^- a J ^j^> » a (jiul loAj niKaill 
.(j^pJI «.Lul ^ jjLLjj sjJJ^ 4j j i >>r.y la^Lalj IjIaj ' 

jaSI JJ-^SjI i_ajj^a oLiA aLaa. jalLaal 4aa.jjAJ C^LL-oa. j cliLiLu La j 

• 2A<\ \ Sjj lkLaH 2 LiLal | jIjaIIj AjISII SaL^ll 
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64.532 g :J^\ jlj^J U jli JJal! jjj 

64.5 g : la-LoU jl jxa (jic Ic. jli JjfUl jjj 

144.7 g :SLo. <jjc £-« Jjjlall jjj 
80.2 g jjj 
68.950 g :4w> a sU^. CjULla ^ JjJalt jjj 
4.418 g :olaaJI ^ Aj\.^>\l CjUujJI jjj 
% 5.51 = 80.2/100 x 4.42 3LLaM cjUjlall ajjUI 

65.735 g :Aijls-a3l 4aL-all i jaII £a (jJall jjj 

3.215 g :SjUIall 4jL^1I J jj jjj 
4.02 = 80.2 /100 x 3.22 :SjUkll ^L^ll j| jJl AjjU <WiJI 
% 72.8 = 4.42 / 100 x 3.22 aA^I jI jJI JLuuII 

(Chemical Oxygen Demand, COD) ^Luu^ll j j-> ui^V l ^vVunj 

(JjjjL .Aaaafkll $.LaJI Clijlj j i—fljj^JI sUa! AjjjJoxJI a Jsl\ i_L^ajl £jui! j JjUaj ^ic 
^gJJ 4jj*JI ^fl oJja. jaII AjjjJaaJI SjLaJI o^aiSV AjjUoaII jja uiSVl 4x<£ jLikVI 
jbji s^lc-j AijJa ^gi aAaJLabttJI jlg^JI jjSiij -oLl-aj jjJjf^JI JjjuaSl 
AiLjaL jLui.Vi jJaa lAij . jja * aJ (J}^ 3 J < flia^aJ sJjj-a SJJJ^S j* '^J^J^P 
(J ?f^ ^jj\£j t^^juAjfl dsLaj jflp Jjl^-ii j)-a ^Lajlx-a 4_ia£ 
^j^ll i_Ujjj a^lfcj ^ajj • (JJJ-^ 4 *m \\ Qjn (jjlLa f ">"> J AjJaall CIiIjjjjS 

I^A j-ajJa 4jjjJa*JI 'o-iLall -LLajl aJaa ^ jJa^JJ . jJdcLui a±A (t—iuSj ^aj JJ^Jj) 
.46" 2 4jjU-a jLllc. ^ lilui jjflll j lilijjjjflll jjh<\^> £tj j-a 
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AjyJac j!^ + Cr 9 0 : + H + > C0 2 + H 2 0 + 2 Cr +++ (46-2) 

Ag- 

sjjU-o ^»JJ tt iL&aJI (Jj^jS ^«Jj 4^>laLi oIoaJ 4 SjiaJ j ^tJ^"^ "Mj^ 

AojoiLa (FAS) jjJj.laJI (»JJJ>al ^^J^ AisuJ jj 4jj*JI 4jL1<JI tllLa JJ^J^II 

6Fe ++ + Cr 2 0 ; + 14H + > 6Fe +++ + 2Cr +++ + 7H 2 0 (47-2) 

lg ipq'i COD 51 jLuaJ Clll jItn ^iC jJaLa aLfa ^ jjl-s ^jjC- cjj^"' (^J 

(j^aJjxj jA AjjIaJI 4jj*JI Jjlaj (j-a ^j^Jlj .^j^^all oLw 4jjO ^^Jc djjjaj 

COD —II uuoj .L_Lil j£3I 4jaLial aj^Joo SjL j ja. j ^ai: ^ ^ 

.ojjla-al! ojLall 4\r\ kjj i—i^Jsuj 4jj*JI ^aja. t5 lc tcJljj^all oUxi Ajjlail 
tjollU (jjauoi^VI (j-a i— lLal jirj\j<\j ^cjllill (jC jaJUuiU 8000 ' tr.l i >i <>\l ^Vmjj 
.8 jA c jj^..i < 6U ^alaxll jjjll j JilfV 1000 jaj l.la.1 j IjjI jj CLua. 

= COD (mg/1) 

(ml jA*-a ^ - ml JLulaJ Ai*ll)x8000 (FAS j-) 

ml ^u*J! ^ (48-2) 

<jJUa,y! (|>2a»Ji cijJjiSI 

jjjjSJI jA (Total Organic Carbon, TOC) ,JLaa.V1 ^ j . ^>t . \ I (jjjj^JI 
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2-» ^jjL-ia cJ$h\£Zj laujJi j (TOC) Cjlji t(C0 2 ) <-ilji ujjjS au^I 
(Dissolved Organic Carbon) <— il&ll ^ jjJaxS I jjjj^l t4j j I I iliUjjaJI 

|lm AjULou! j]a3 ^ jjc. ^aj (^jJI (TOC) —II <> * jaJI tJllj jA j t(DOC) 
(Jj3 ( _ s IjIi ^ill (TOC) — SI qa (. jaJI lilli jA j -(jlaua (Jj^aC jjJJ^J '0.45 

(TOC) jLiLkl ^^Jac^l jjjj^ll JaJjfi -j^ 1 <^><^ 

jjjj£ll ^1 jjl JjJ=^S Jal J pH = 2 4-aJ2 £ jL (^Is. 4jj*]| (>aJA20 JJ& 
.C0 2 <SI *-l jfrll £ jla jl j£a jUj Ailkjj t>J C0 2 <^5) ^jjJa&!>UI 

_J| Ajj^a SJ*J (TOC) —II (JJ^ J£ f^kluJ 

SjUI 6^1 t> jj=^l C0 2 —SI < a^Sj t C0 2 ^1 (TOC) 

_SL AaSUJI jjSI jjll CjIuxI 4_uAia 4JU1I Sjl jaJI CjU-J^J tJJ=>JI <Ljia j .AiuJI 
<_gia . Citjj jjS jjJI AiijL ■ '.^'...l jl U ^ U^J^aJ l_±a. jJJ ^1 j (TOC) 

jl 4jauo»aij (_3j3 Ajtull lIAjj^j^jjJI aJojujIjj CO. L$J' ^r>SI (jjj^)£]l 

^gjj (J<aLa. jlc- JJC. JSilj t 'a^j j=J AjjaJI (j-a ^cjUJI C0 2 SI ( aJajj J§ j .ajl ^a. 

Jjia^aJI (_£^)2wa ^j<a cJ ' <~*\l j' tlja^-N t ( " n mi ^ JJC. ^I^a^- ' " laJ Ajul\ (Jia^a 

i " n^> t^liill *La C0 2 ^ j^jUijjI JJ^W ^ * 1 "J ^Uic. aJojoiI jj 

.*LiiJI Cjjjc ^iSI C0 2 —II £-a t*Uj Jojjjj AjjLj^SI AalaUSI jjiu t*5liA 

CjUa^ J-iaj jl AaauoijJI (jjS AjtuiVLs SAjuiSVl jl / j Clstjj jj^jjJI ( _ s aLjiaJ 

• 10 )ig/l jjJ La ^11 Ip^aS cjjjG jlj jSa. C0 2 —SI 

J!iU. ^ cdlLioLSI (jx Oil jlall J^sJ] e-LaSii jjg a^II jjU^a 6±ij Ca^sJ jSS 
aLuJl ajL jll oAA J*S j .AaJlai n\\ L-&jx^al\ oUa! ^jiLuJI jac. JLaJtLai^l o^lcj 
jl cj^iil (jJSx-1 i—ajj^JI aLuJ J j jjom V ^J^ 3 0° m SajmSI 
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ala-a jjc jl ^ujjII jjc Laj i - 13J . >x\ 4 4j3jaJI sIjaJI j-a A SaJaa .n SjUj AaJdj 

Aj&jj 4 1, dljjj .jal 4jsJl*»al dla-i >>-n l_Sja^3 *^J-«) 4ji»L^aJjuiA 

iil£ajJI j A-^\\r n\\ CllULaaJ "La jlLa 4jL2a 4j j . ^ir. C_iL£ja J J^-J A?*/'' ^Lall 
J£ l^j ^Li! jl ja (TOC) —II ^gi AjjjJaxll C_)1_£ja1I j.n.XVi .Aiull ^ ^iUilall 
j<a Ajjtxai! ^jibull AjjjLaJI (-llLaJlLall j coIjaIJ ^^clik^all j ^jLall (Jl <\tu nV I j<s 
.CSjjuoII aUal Ajjj^II 4a1Ua1I 4K£Lall 4ja JjjaJI C-iUuiall j tajjKJl 

^c-j c aIjU jjSIjjj ' " '° i1Aj£jaJ1 oaA t_yaxj CjjIjI jal 

L_ajj^all oUa! jjjUaII jjc. JLaalLaiVI a-ilx-V Ajau^all jJaU^all Jjs. (jlall tlglll . >i 
t '**&\ Aj& jjjaII CliUjajll ( . il ;r- jJJJj . e.LalLj jjl > <-> <i ejljj <— sj£-J 4jaJLuall 

^Jc 4 j-s » jlni <\\Lj (jLtJJ ajJJ^ l^jfLi c4^Jj^a!LawJI e-Lall ,j CIiIj^jaII ojA 

.oLiaII o.j& ( ^a laJ i n ^ 

a jj^ J 4jC jj jc JJ*-a S-^J" 4 J J^ia jl (J^a- 0 ^ (TOC) — H J^alLail jl 
djSjll jA*^ ( " 1 *^ > a " (j-a Ajjliall (—Jjill olxaj AaIl^lIi a .nil e.Lall 

^jjjoij .'oja. ( ~ J -J^ 9 '-^ USaa jfL fl jl J jjja. jLa!)U 1 i d1 j<j a j&l jll 

*JttJ t(TOC) -JIS CjIj jlall jjjaj j^lc jjlS JJC. lata. j V j^la jl f$J^a*j 
t> (DOC) —II J (TOC) —11 411 J J JJC .Ajau^l jiaU-all JlC 4ia^-a «Uu3 
(jo Ajjliallj 4iala-al1 ojLjall jlj-all jj^JJ j<« ' S-iJ^I 6 Lf AJ jj(£ ^Ml 

IaUa t <J i gaJ (jjll Jjjll (J^aau Ulla. ^»jSj j .oj^-a JJC. 4j j . >>r. Clllj^j-a 

A \-\ f\\ jjjoil JJ c4jj*J1 alj-all j — »1 *'"' Aajjj AjjLall Ia jjL^a-a ^1 A ~\ \ t eaJ i a ^ 

^UL^WJl frLoll ^ (TOC) —11 c5 JtiSI J^l jJaU-Jl aJ J j 

. (_jjjull sLia JaI_o^. ^ 4a3 _aaJI oLi-all ajljjl *La ikj i o <\ll 
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bLa ^ ejjjflll 4 s\*VS a\\ <ljjJaxl\ j| jaII (jA 4l}lJa CIsLaS ( Jal 
AjjjJaxll 4_uLaj£3I jjVI ja (jAjJajJ .^jaJajoill c-Ull ^ ^1 i_1jja!1 

ajjlfLj .CliLjJI <_Jiij <ja (joaoUll tdjiljallj liL* jgJI ^gjJaA*. tLwafL s^j^.ja3I 

<ula^jau> jj^jll^Sl lA** t — 'W^^j -(CHC1 3 <~r*^~* 0^$*) 

.I^aI laJLml (jA i__sjj^1I bIja jjjIxa ("Q-N 4-JJJa 
CLsI-IuaIIj L (__ajj-iill aLiA (jA 4jauLill 4 jt ii AjjLuuSJI jIjaII j 

(J jL j •yHjiM JjUMI 4iLjIa aJlA 4j_ojJaxJI 4jjUa£1I jjVI .il ja 

jW-? - (_s^ a jja n jjc j^JJ (»J S-y^* 4 ^ )-iml_tj JJ-^J* \)"'/' JJJ^ 

iSj^. jj > ^ jac ^ji IajLiLxl^sI ^LaII <3jc jjc. JaL^. jlc. dilclaa jl jaL 

'a^jlc. ^ijj] a lii r — > ^ M (jA Ljlj^. ( " ii j^^aII jjjaj ^jj .4jja)liA ejoAA b^Ia 

^-a (JaL^ 'Lf^ L$y**^ UJ ^ jW?^ Ajouj^)1I CLiUj^aII j 

Ajjl^i. Sajj >i (_j£aa J_»aC.j t^UT \\ (Jli,jV (jS^ JiaiAj t4j^L)jaiJ ^fLaj *aljl 

^jj^jl iJauaiAj t^_»AxJI (jA AjjjjuaII ( " 1I j£ ja3I Jj^aal t t ^Jjuiila a jjj^a l^J^-J 

ijj^jjli) JaUJI jUll S-lLudij .(20-2 J^) ^.IHI Ja ajUiVI 
ajlj^. dlAJ J ja*1I jjc. jl j <u > nL ((jj^.jjJjA jl ^jjIa t jlliA - jjC. jl 

jjC jjt 1 ^1 (jia»A 4 In 1 J jj jjlaJllj a jjir 1 <-i 4jjO (jiaj . (jiljlj i ■ iLbou l J^xaj 
ejUiaJl CIiIj^jaJI ^jjJI J^Jjll Jj^J ' - U^* -^^1* J^iLi. jA j\i.LiJI s-LiiJI 
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AjCjui ClsV-ixAJ J yv*^ jjfc lilj^jj Clu^. JaUJI jlill <]ajail jj <J-a^J dsl jlc. ^1 
liljaJLall J^LiJI jlill (JJjia jJJ AjjaJill C^LAjua Cljl£}lii.V lia j 4 alia a 
S jjia. (^CJJ 4lali. AjjjA AaL^a a.lLa (J Jc. t_alc. JjLj jA duloll Jjiall .duloll j 
jj£j j ;4jj*JI CAl jfLa lilj^jj .^gjOa-a jl j^A-L^j <_1 jjjl ^ ^Jajia^a J jaxII 
ULjj (JflVl dlb jfLall (j< Uai jaj ^gic- JjaxII JJC- CjJjLaill *M^° 
tt aJol£]l JSC SJJ_>4J .ij-axll (j-a 4 m II dllj jfLa jx (jj^-a (_3^ ^J^P- £-°J »^JJ'"'^ 
•<_S^JJ cP^H (Jauaus ^ Luj£ 4jjLj^1I ojUiiVI (_gi ^gfuuil JJ*jit O^-i* (Ai 







1L. 


(] Jul. 







^ JUU! JoK^I jl^U yJaJaiJ :20-2 Jii 



(j-a j ^ajuaJ 

4^a£ £-a S jjill drsu <ail jll A^LoiaII J (J^oiaSI o J^iil ^Jlll UslLaII ^fl S jjill 
tjjjjj^J^I tilLuuilj t< 1g \\\ (jjlj c4_ljl^pJI 4jlalill t (_3^>ia (j-ajJaJJ .jjfLall 

4-?-J-2j tojiaaj J_&a*JI ^l&jjlj tjjSjill dulall jjiall Jl_j-a j] 2fr<\l i_aJa j 
JjJJ j^ill Cllljailall H iniKll JaAJ j (JaI^I! jlill L_lLbuij| j tjjioioll ajlja> 

.4 o 4jjjJafc jjl jl _a-a (JjW'n ^,<\>n"il l^j ^Saall 
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i (j jJ jfc. j J-lj^JI (j « » iaS AjjjJaaJI jI^aII jja 4\c_ajaA <tj*2u jUiu 
^Hxl^oaJ C^^JjjaJI (jjjll "S^^ j ^ jAjldl j tdjjjjllj t(jjA^llj 

^LaJI (jc i-t uill (Jj^aill (AjjJiLaJ! 1 afrlljUjj IjJaj j . La^iaJU-a j LafrXA (JaLuJI 

^j^^JI 6 la^ 4 \U a oj^a ^a (Jliij 1I1L1I jaJlj i—ujIj^U jl j-iaJL (j» ■-I'lljj 

oil 4axj^a uj 4jLaa. A \\ t si -ll_aA ^tljjj 

(Environmental Protection Agency, <Au\\ 4jL*aJ 4Jl£j AiLjIa ^Vu i n 

^jj^L^ajll j al^jlj ^gjJa jll ^Uaoll JjS j i_S^L^all oLa CjliflJ AjSI ja! EPA) 

L> j^i (National Pollutants Discharge Elimination System, NPDES) t-i jIaJI 
^aj^UI j t jj^LaJLoil > . u ~\ <\*s (n-hexane) jlm^ft - j ' j dujJL (jjliuj 

4 > ^ilVi 1 1) <\\l ojIaII (JjU^aoll (JLal^.1 .A , ^I^jjoiaII ojIaII 4_ia£ JJ-^al 

.lgju£jj jjJ (jA jjlijj jol 1 lAj^a dAjjC tdiliutJI CjI j-lb 

(jjj Ia ^jJj pH <aj3 (j^ia^L 4jj*JI (jlaAaj tdilc-Loi 4 r > i <jA J&\ (jc. JjAajjI 

t> jal 1 ^]] ^^a^JI t> 5 ml *il^J ^llil c^j) H 2 S0 4 J HC1 jj 2 

4 jluiSA— j 30 ml — J UjaC. Oxj Jj-tfsS £a2 ^Jj Ig i ^TlrtVi .iaj <iwJI J&jj 
.(Jjb^aajj "LuLa 4jiilal Aj^ajsl\ a\^.\j$ £J-^J J^i > n\\ t^JJJ ( £-aij]| j& ^JJ 

t^jVl «-lc j]l 4jj,^>t,\I SjIaII Ja <LiS 4_ia£ £A 4jjIa1I AtM L-Sjj^a ^jj 

(>a 10 g J-o ^jj^ja Aijj ^jic- (_5 j2kJ (*-aa JJC. ^Jj > ad3 ( . uIaII <Lja Lai .A \)r\\ 
4aL-a LjlfljJ j! L-lkajaba] dilj'qnrt ^1 j AjjLaJI CjlijJaH ^-a^j i.run .Na 2 S0 4 
jjLui^A - (j — j sja |_J£ 4 nt \l jaC- £-a (jjj^i.1 (jijjA aJluiVI ^li ,^J> ^>qll ^-aS 

oLii-a JjJa&J *JJJ^ cs^ (j^K"iui<>\l ^-a^ ^ij I > aj) A m \l ^Jjl^- J-^^-J 

20 ml 10 ml ^Ljal ^ tNa 2 S0 4 j ^ ^ail I I jac Lw^Ia . jl jlaalL 
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" t— sSSjII ^-as jl; La-iic j 85 C ftj'^ - ^?-J-^ cs^ -4 ^La^ ojjjUII 

e.l_e& Ajla ^ 4 )n i nl _si ejjjla]| j/s pi j^JI jJ . ^Lall ^LaaJI ja 6jjjla]| .ixii 

J^ 3 *^ (JJJ" 1 UJJ jl-^a ( >alaluu>l l jjj jl .( <S->^ ^ <LwJI JjJJ 

t jifflj ^ jVI --^^ ^gic- mg J Ij^La (jjjll I^A ^OjoiSLj .(jl^aSllj ( _ s Joxa1I 

• mg/1 — J <JC I JJ*-a j»a uollj du_)il j^JJ J^-^ Ai 

AjjJaadl (J^La^^I 

4 In > J ^^l (Jj^ ^ c>* "^UjA^ J J^J_>^ J ('^l)^^) '^"u"'"'^ (j^aLaaJ 

£ I JgJ jl (j^?- JjliiU (Jfn\ J s"ln)rt\l t <jlVn . J _s-a*il S jjjja j« Ijjliuil 4-1 J I ^Ifll 

(_£jja^a (JjjIjsI 4jjL)C. 4_pC.lii o^Laj 1 j<\7» -s 4jjjbm ^ajj C(j_oJj£ AluiSl cs - ^ L>° 
i^SjjiluiVl (j^". (j-«s mg/1 — J "S^-^ 4j j i >>■> \l j^^La^/l (jc- Jj.i*"ilt •(J^aaJI 

.(4^1) 

(j-a J^jIj (jj^^)^ Jjjoi^I (^gj^Jj (jl"n<>ll caLaai] ^IjgJI (Jiaull ^-^) 
\) i n^l ^g-iliii 4 nun II lIiLia^JI 4jia.^LttJ ajJafrll AjLoC. Ajal^a j^<uj .jJ^jjAl^JI 
^^ic- jiilj j tlili Lujii 1 njui'i ^JLlS j tS^cL^alaJI Clil jUJI ^ (jlluJI j jjJj^ll 
^jlj J^ 3 !^ id j«a ^jLuoll (_£^)la-a]l jl^aJI (jj^JJj .^IjjII 
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(Catalytic Combustion ^jjjaaj J^' ^-sjc- j (Water- Jacketed Burette) 
dil jlc. (j^aL^aial t_LSl j£ j^j 4a^.Li.j dil^j a\mi\uij (Chambers) 

jl (_^aL-aioVI dll-^j <lk^a j ^)JC- Jjj <T> <\\\ jlill jjaj .<wLauaJL 

AjtjJaJ .ixJj .(_£ a^a i nil J J j*J |=J Jjl ^-SjC- (_£.XaJ JJC. 

Ia^ju (jfLaJj t^gSiLall jliJI 4ja£ t (j-aL^aLoV I dll^j elsljlj-aj 

.4jjjtl| ^ jlill jjjfLol] AjjouJI L_lLai^. 

7. Standard Methods for the Examination of Water and Wastewater: 
Including Bottom Sediments and Sludges. 20 th ed. Published jointly by 
American Public Health Association, Washington 2005, American 
Water Works Association, and Water Works Environment Federation. 

2. National Research Council, 1998, Issues in Potable Reuse: The Viability 
of Augmenting Drinking Water Supplies with Reclaimed Water. National 
Academy Press, Washington, DC20418. 

jljjVl lj-oJ d-2 Jj^J SlL*JI Ajjil! jljjVl ^^JLuob 1-2 
( z ) ij^j (l^) t (Al 2 (S0 4 ) 3 .14.3H 2 0) ^1511 (\) -J AialUlj ^>ll 
(^) tl ^)M l j\)n,jj J ia q^u^Ij t (FeS0 4 7H.O) ^uUI 4i.ii.iaJI OtlijAlj 
.(3-2 J ja=JI SlLx- ^Uj t 100 j 600 (1) .b jUjI j 
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CjI (I) :*UI <0\ tll£ jA\ jLjl J£JS ^1 tlAjjjVl ^ L 2-2 

tlsljjJjS (j^ tlujjKjjjA (^ t tiljjj jixna. (t_s^ t ^ jjJ jj^all 

* 2-2 j 1-2 uJj^Jl ^ jji^j tlAjjj (^r) ^1 (i) SjjJtf!) II 

.pH t> bUSel (HCO; t CO^ cNa+) 

jjlall tlAj jj 3-2 Jj^JI ^L> j^all SjjlaJ ^LuLuu^l i J£ ^SSS 3-2 
jl^Ls Laa cc-UJI (jJJ <^j\)u) jjjiall jj>\<\-> fa* 1.0 mg > <j > <al liji .J jla <^l ^ F~ 
.(7-2 J j-iaJ Jj ^j^jll «-J jaJ) ?jjiall jjjt Sijj 

a jjuoo Jjia L <Mg ++ 10 mg/1 j Ca ++ 40 mg/1 Je bj 4-2 

(141 mg/1 tJ jaJI) ?CaC0 3 t> mg/1 _j t«jc 1 *UI 

a jjujc (>> 40 mg/lj ^j^l^ll "e> 175 mg/1 L3 k- <iU cij^' bj 5-2 

?Mg ++ j Ca ++ — SI djU jj till JJ^JJ jjA La c^jjjiii-all 

t> 100 mg/lj CO ° t> 12 mg/1 4j 0 Ua |jj 6-2 

(102 mg/1 t_jl jaJ!) .CaC0 3 mg/1 _j S j^La jjlall t_i^l <HC0 3 

£ ^HCO- t> 45 mg/1 j CO 3 t> 6.0 mg/1 J& *L 131 7-2 

•CaC0 3 — £ Ajjlall ^Lj 

(j-a tllL£^ai] AajJal jjaVI tllULa jilll jj-i (meq/1) 'a.XaC.1 l-i .n fuuijl 8-2 

. a Uai3 ^vi j^i JaJ 

Ca ++ = 94 mg/1 HCO~ = 317 mg/1 

Mg ++ = 24 mg/1 SO = = 67 mg/1 

Na + = 14 mg/1 CI" = 24 mg/1 

.(7.28 mg/1 c5 jLou tlAj jjjVl j tlAj £ t_jl jaJ) 
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.•Lull JJaill (meq/1) i±»c\ -Ua^ ^ J 9-2 



Ca++ 


= mg/1 60 


HCO3 


= 115 mg/lasCaC03 


Mg++ 


= 10 mg/1 


so: 


69 mg/1 


Na+ 


= 7 mg/1 


cr 


llmg/1 


K+ 


= 20 mg/1 







:4jjVI ^Luuill L ^ajL^kll ,1a. ^1 4^JU Aj3 ja. sLu ^Ojj 10-2 

Ca++ = 108 mg/1 HCO^ = 146 mg/1 

Mg++ = 44 mg/1 SO J = 110 mg/1 

Na+ = 138 mg/1 CI" = 366 mg/1 

S-Lall ojjoiC ( ■ baiaj .<iLaU ^gjVI JjUMl (meq/1) SlaCI kLa ^uijl 
(jjjl jj^JJ '4j1£1I s^juastll cAjjLjj^^UI ajjaixll 4 ( CliL jj jflull (jjjL * 

• Ajjlill j t^jJ-i j» all 

CLilLs jjll jjJ ^ «.UU Jakall (meq/1) S^ao! ialai-a 11-2 

:^jL Ul J jk-all ajjLu£1! jaII ^xJaljlaVI 



150 mg/1 




56 mg/1 




8 mg/1 


- ^jjj^^^ll 


4 mg/1 




190 mg/1 


= 4jjlall 


29 mg/1 


= dilli^)j£ll (jjjl 


10 mg/1 


= JjlOl LiJ 


7.7 


=pH 
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J\ pjitASl] CjU^ tillij *U 4iijj^! 12-2 

.(9.8 mg/1 . rJj *-Xlsn cjb <> 20 mg/1 ^ mg/1 _Jt? ^jAJt 

L_ll jaJI) .tdjlijjSJI (JA» 10 mg/1 (I) LSj^i Jjia-al pH t- h -ttJ 13-2 

.(4.0 

mg/1 (^)j <4&U^ cK 1 ^ l>° 3 mg/1 (I) lSj^j J jla-<J pH 14-2 
tjja.jjJj^il yAjj^l 4-2 <hUJ ^ [H + ] .c*LAl>j£J! t> 1 

.3-2 Jj-laJL ^^Jaa-a iilijj^)j£JI (jjaA^J ^^JjjaJI ijjjr^J 

tdJj j JJ=JI (>a Uiajli ^ j^J oLw j^SI jjJjflll aua£l jlc. ( Lial 15-2 

C0 2 (Jc-l£il 4jjl jia < ■ uS) . ^jJjaJlflll dlljjJjfLlJ <— Lull J (JjfLlul 

t> 35 mg/1 ^ JcliiU lj jlkJ jjjj^l ^ ^ ^ c_a^! -Ca(OH) 2 

4jjU*]| jajl) .mg/1 L I J-iia JLjSlLoII 4-l-a£j ^ JjUjoIISII JxujSjjJjA 

.(47.2 mg/1 <20.8 mg/1 *19-7 

15- <JLu4a1I ^fl *U jjJjSJI jlc <>» Jjj* t LjJjI Ijj 16-2 

la$J 3jj! jla <talaua jjboiKl! CjU JJJ%J a, jJjuJI£]| CjLj jJj£ Jj^Ij c2 

47.2 mg/1 Jjj=^1 <*_pUI mg/1 — L ujjj^JI ou^t ^ j « Jc-UjII 

Ca(HC0 3 ) 2 CaC0 3 0* 

^ jjjj^all JjjLujj jLa. (j^aua 4 ^» jq ■ (JfLlu ellLilij A -\ \\ f a <-1uj 17-2 

(CN") ojluJ ou^jjJjAj jjKIL LuLa£ ^JU-j c(NaCN) 

:AijVt dLJlcliiil lis j jja. jjjjJI jlc- (jlj 
2(NaCN) + 5C1 2 + 12NaOH = N 2 j+ Na 2 C0 3 + lONaCl + 6H 2 0 
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jjjl c-j^jl] Ca(OH) 2 j±?J Jjk-a UiLjaj t *UI ^ 18-2 

jla aIAjla lJj£I cCaC03 (jJc CjL jJjfLull jia. £-a (J*' J^W 'f J^LUI 

100 mg/1 Joliall ^ jSUI " fJ Au»Hl aL-£t£" j±?J <^ <.^lj cJoliiJI li^J 
•CaO 56 mg/1 .(20-7 iJ jaJI) . fJ *-Kll 

jjc Fe ++ l$ja ^jj JljLkl-S^oiSt Jclij _a 16-2 aLLuJ 19-2 

aJjU-o l_uSI 3 tMnO 4 ^ jaiiiaJl * . \ ■ u£j Laiu ciilj 3 ojLaii. 

"-jjjaijil Mn0 4 Mn J JSil Mn ++ cJjuJI jjixiall a-w^V jia 
jl ^jj^IjjJI djliitia jj <j* 1.0 mg/1 — 1 jfL<u mg/1 ^ l> >Mn02 

.(18-7 S jail! SJiflUJI j 29-7 SLLuJl £». J) 

*U1! ^1 jjjjSM lA J^ 1 1 ' j^-i eLw ^jL aJIJ o*j 20-2 
.Jlkl jjc-j I jaW> ft Ull J«J Jjk oil Ca(HC0 3 ) 2 J^Jnl ^ 

!yl£jjjj] yl^aJJ jjJjfUl Jjjai^l (^IjJ '«-Laj 'CaO cij^ ^b- 0 

U '45 mg/1 M**M »UI ? joJil! ^ .Ca(HC0 3 ) 2 

^l^laLjal jll CaO l£^> ^ j ujfJ^' ^■"■^ ^ jp 

p.Uii.1 J^a JOaJ (jill J jaoJl jA La tAjjL^all 4jj^>a1I 4_£ja. .J 21-2 

<?jjl\ jA A^ja. ^ JjaiaJI jA laj ? JftliSlI UiJ J Jljjl 

L_Uj*J .10°C Sjlja. (jJ cPW^ JcUj J-^t-a L-S&LjaJ |j] 22-2 

<_ll jajl) .5°C UjJ ajljaJI Aa.jJ ^3 oijj <jx 4ajLi]| JcUull J^ua ^ fijUjll 

.(1.42 
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a J ja. <a.J-S ^Jz- AjjJaJI <iJ$$ ^3 tj ji=A\ JaLiill J^ua Ullc. JLaJJU 23-2 

sjLjll l-lqlJ t i5°c Uji Sijj JSJ J^xJI u-kcL^ li] .15 °C UjJ *U 

• 5°C ojja. 4^.J^ Jj*JI ^ (j-aiiJI j i25 °C Sjja. 4^J^ ci^l JojlJI 

^ *U ^ (DO) (-Jxall (jjauo^ ^UiVI <Uja Jx* U 24-2 
mg/1 jaJ) f^iS 2000 jjJc U J jL. la j T jaJI ^ka: oi&15°C Sjl ja. 

.(9.5mg/l dO.2 

mg/1 LSj=^i ^ (DO) t_jllaJ! jjauo^Sll ^UiVI 4-aJ JjL» La 25-2 
j^lc U JjL> U j f jaall ^Ja^ ait 22 C S J ja. 4^j:u jjlSK jji i> 1000 

T^SS 4000 £113 J 

jjauuiata J jla fit j$JI tlilclaa maVl JlSSil J^at-a -SajjjJ 26-2 

.sic. DO jA C, dija. c(C. s -C f ) l$ ^ DO S^iLu (DO) iJit 
.(jjauoiSVl JlSSSl j Ajj^I 11 lU^I! ^a. J) j^j 1 ' DO jA C,j t^UJtyl 

C; j 20°C S J ja. <_£ J ^buiba ^Luil i_s jjk .iic. UJ->"i^l jj& Jiiu L»a 

?i5^ j 760 mm Ui. >±j t 0 = 
lJ jail) ?DO jj& ,iJLu ^ t^aS 5000 £113 J ^Jc Q =1.0 mg/1 j 25°C 

.(7.0 mg/1 c9.2 mg/1 

5-2) Jlillj ^1 *U1 (1 5-2) Sji~l! ^ia ^ jl 27-2 

5-2) ^ s? w; ^ 1 "4^ _WJ^ ch 3 -*^- ls-^ c£ 

(f 25-5) l&^I ^ UJ^J LH=" ls* L$^£ * 1 J^ia Ijja. 

V^joij pH —1\ JU-a ^ LI jaU, 
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JO*. 7.5 Uji aJ J pH <Aia Cj|j sLw ^ 100 SjjI*-» Cj*j 28-2 
0.02 N tiujjAll (jiwa. t> 16.5 ml fl.iaJLualj <i!3i j 4.5 J jJI 

?4jj*3l ^ y*. jA) Ajjlall AjjjjVt 4.tu^I ^ La j 4<Jjlall <_UioJ .(^-atki 

Sjj*-w *jjlall l-jLo^ 50 000 CjjIjII 4-ai ^ I jUl 29-2 mLUaSI ^4 29-2 

?CaC0 3 

i—Uiijall ^gic. 4 u ^ic- diLijjiJI (jjlij ^LaJ j cdsLjjjiJI La 30-2 

tLjic d il^a. j ^ La j ci jjc- (3^*-° <_>jAsj j ?<112j1I 4_kjJ jj 

.(11-2 s jiill J ^JoiaJI ^ J) 

oUall 4jJU-a ^ jjc (jkx J j3U 4ialil 4juL£1I <xLa£1\ j| jaII gj 31-2 
dsLjjiJI £-a AjjLuu^I j| jA\ aJlA Jcliuj (_sj£ . jaA jA\ j Aoj^oII AjaJajoJI 
y^gjjja Jojoijj ^)JC. I&jLcjI (j^-aJ i " J 

4j_9jJa*JI Cl)Li£j-all ^ (jjjj£JI j > la \ ^jorJI <_ujjj1I (JjLuj t 32-2 

.4ilrLa 

<CH 3 -NH 2 t CH 3 CH 2 COOH ±16 jJi ^ 33-2 

^^a^ cjLjjoll :^uVI AjjU^I) JjaII £1^ .CH3CH2-O--CH3CH2 

.4jj,>.r\l CjLSjaII ij joaJI ^KgiW ds^l <uujj1I CjUsJI d^, 34-2 
JJC aLua ^ <LjjjJaJ«JI ajLall (_LA£ J j^JJ V LiLa] 35-2 

.*La j jjJJ^lt Ou^l ^Lj ^ jl jjJI AjaJU-aJI 

Jj^ ? 8.34 db/mil gal j mg/1 joj J^j^ lU& l£ ^ (>) 36-2 
lb/mil gal (^r) db/mil ft 3 J\j db/mil gal ^11 50 mg/1 (^) :^uV! CjI^ jJ! 
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'11-2 Sjiill J\ f+J (!) .mg/1 J\ 5.0 gpg (j) <mg/l 100 

86 (j) *12.0 mg/1 (jr) < 3120 lb/mil ft 3 <417 lb/mil gal ^La JJL^ 

.mg/1 

a j^a ^La jjg ^aJU-a ^ 4jui]l (j* 30 mg/1 Ia jja <c ja. duAaJLoil 37-2 

?Lwjj ^ iVinn 4jui]l ^ lojjU j»S .5.0 mgd 

qa Cjala Aa3 ja. aUa] Jj&JI (> 0.7 mg/1 UjJ3 Atja. Vi.nl 38-2 

?Jjiujj <cLoi J^Li. ^ i_aLjaj jjKJI (j-a l^jjb ^£ c400 gpm J.i*-aj jjj 
^Sj f jjj j i .-ill ^jjjia j^jb 1 " l> ^ jL? 48.0 Uji Ac ja. du^alul lij 39-2 
jjlfll! jjjjl jj^jj jA La mLall 3.5 mil gal — 1 jjlaJI jjJ 6* %61 

lu«l l 

S jjaall j^ij j pLall ojjoiC uiuj (jjll AjjLujIJI i ycl\ ^ La 40-2 

(jjjLa diLuij ^gi jljlVl ^^aJLoball ^jjs-aII jW?^ J* La 41-2 

jLukVI ^jlaj ^>jaiaj ( ?^-LaJjjVI dlljLukl ^j-a (j^ajiJI jA La 42-2 

?<lal£ 4jsJljua 3JaaJ 4juiJI <Cja. 4^a£ jjiul 10~2 Jj-^t / J Aa.jAaJI 
<jijS] Aa^jl (DPD) J.ailjL 4jj jlll Aijlall jxuu V liUl 43-2 

?c*lL ^ L^al ikU M^J ^311 AAJjloll La ?l_S j^xl! eLba ^ jjKll 
jlfLkVI I^A lJj-^J f2 ^£ .Luj-aSfl jja. j j£j jLui.1 Clll jjaa. <_L^a 44-2 

?JI^L£ (jaa.jjaj jA La ?^jjJa*JI (jJ^- JJJ^ (J " ' ' 

JJC jjauuoSVl JJ^Sj ^fl AxVVi.imll t_LSl ALuLaU 4-ajli ^jJa 45-2 

. j jail (jjLa aL °jj j! Jj^*j 
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CJ*\ jaj Ji CjJUa. la£ l_ajj^ali oUa ^ Alkali 4jLall J jaII La 46-2 

liU .(TOC) c^WV 1 c£ UJJJ^I ^Ikx^a lJjc 47-2 

aluJl j^LuJI jjc. ^.ikluiVI Siftl ^ jLouVI 4 -v. ^Jb 1 jkk (TOC) 

Yt-Jj^l oUa ^ 4jj^a*ll ^La£]| jftl j| ^a ( cjjS 48-2 

Y^ljA^I ^oiagJI isLa^. 4j j i >it \l (j^aLa^H j^JJ ijf- JJ*J ( 49-2 
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15 

17 JL_^i 

19 iaJLia : 1 

27 *U^I : 2 L*il\ 

27 oL5^1lj jji^lj ^bJl 1-2 

31 oLJJ JL^SS\ J^UJI 2-2 

39 pH a^-j^j ilr^rjj-^l y 3-2 

39 ^UJai jjl jJl 4-2 

46 vVi^ 1 V >' 5-2 

51 jUJl iJLji 6-2 

55 a^IsJI 7-2 

60 ^i^Jlj oLjyJl 8-2 

64 i,_^Jl oLS ^11 9-2 

72 o^Jl aL. ^ i,j^Jl oLS ^11 10-2 

76 Ws^ 1 JJL^JI 11-2 

5 



125 SLJ-I JLp : 3 J^ill 

125 oL>iilj 'u^j^Jl 1-3 

133 Ui-I S^lcu oUl^lj oLsIj&VI 2-3 

138 oL- Jj5 iJl 3-3 

141 UUJ^I 4-3 

143 p-liL aJ .jJ»\jaS\ 5-3 

152 hyl\ oLj^l jLx^l 6-3 

155 pjJL^jj-jSjjj&lj LajUU jL^I 7-3 

158 > ^ Jl VjV 1 bc^ 1 8-3 

161 oUjJjiJl ipj^ oljLx^l 9-3 

174 JL^S o^-^Vl ^Lx^l 10-3 

193 ZjJ-\ aJLUII <Jcu\ 11-3 

203 ijJ-l IS >1 12-3 

221 L^JjjJL^JIj dUjjO^Jl : 4 w UaiJl 

221 ,Ul Jai*» 1-4 

224 jLJl - ip^Jl - Ja^Jl oiV 2-4 

231 Jai^l ^ V L~JN! 3-4 

240 sJbUl oUwii! 4-4 

248 f IkJ! 5-4 

259 itii&i ^UVl 6-4 

260 Vs^Vl V-4 

6 



264 ^liVl J JUiJl v L-JNl 8-4 

272 ^uUVl ^ v L~JNl ^Li 9-4 

276 ^jxiil olyJDl ^ V L~JN! ^LS 10-4 

278 Ju*& j'u^i-l 11-4 

284 jlf% JjlJJL-l ^ uUNl 12-4 

289 oUfpMj ol^Jl L^jijjA^ 13-4 

292 iij^ 1 ^ ^ jJjj^* 14-4 

313 sUl l^y : 5 w LaiJl 

314 (SDWA) fc*Sfl <-> oL. UJj 1-5 

319 ^^Jl 0 Li ijJ-l V s j^ 1 2 " 5 

321 v yL)l »LL vV?^ 1 Lp jJI 3-5 

338 (CWA) iUkJl oLil Xijij 4-5 

^111 ^^dl ^ ^^UdJ ^ jJl flkJl 5-5 

340 .". (NPDES) 

353 j>Ji\ oL. 5^ 6-5 

361 q'jjj A^Jajl : 6 J^aiJl 

362 Jfli-^il oLikuj frill 1-6 

365 jail J ilSjJl oliku 2-6 

382 S^Lil 3-6 

385 ^kJl frill Jj*L* 4-6 

389 ^UVl 5-6 

7 



395 ^UVl {Ay\ 6-6 

403 *UI c>i ylj ^J, 7-6 

418 oLlwi)! 8-6 

438 V L~JN1 ilJb'jl ^JU 9-6 

447 JSl^-l ol* y 10-6 

449 gjjsll U&l p.^./iT oUak^ 11-6 

451 £djj^ <UJajl -wjui"' 12-6 

465 *U.I U-bw : 7 w Lai)l 

466 V^lJI *ILI U-U* 1-7 

467 xJdlj ^jll 2-7 

472 Vr"^ 1 3-7 

480 pUl ^ ^1 4-7 

481 J&I jJiScJl 5-7 

484 <ijj-» - 6-7 

486 7-7 

497 ^'l^JI jj&dl 8-7 

506 h^>\J\j ^jJaJl Jw. 9-7 

508 LpL^I 4j_^JI ^W*^ 1 ^ 10-7 

510 5jjiA]l 11-7 

515 Sjy^Jl 12-7 



528 ^JUxU JLJU.I gJl ^Jl 13-7 

531 OjjjVl 14-7 

533 oL* 15-7 

549 iij^ 1 M 16-7 

551 Vr"^ S^JI iiljl 17-7 

562 uJcl ; j Ju_jJ-l JL'ljl 18-7 

565 jl yLJ 19-7 

570 UJr ] oQl Sj^iS 20-7 

576 Jjj^I JiLdl 21-7 

578 ol^Jl iJljV jjj^l JaLdl 22-7 

582 ^Jj^l XJlj} 23-7 

585 SjjlAll iJlj! 24-7 

585 <L£pVIj _ydl 25-7 

588 ji ^-i yJlj ^5Ul yJl 26-7 

594 L ^SU)I 27-7 

602 cL* i^jL *JljJ 28-7 

604 olil U-U* ^ o^Ull j^U^ 29-7 

609 .Li! oliLU oLU jLx^l 30-7 

615 JUI ^Uj 31-7 

618 -k^J! 32-7 

620 ►HI ^jUo slJ-l 33-7 



645 *UI oik* JJLi: : 8 

645 OuuSj *j j j»Uaj (J^jSj 1-8 

653 fU* j^ 1 2-8 

660 SJlil oUdl JJ^ Ja^ 3-8 

670 oVJl dJL-o 4-8 

673 Jp 5-8 

677 oNko 6-8 

679 ^Vl 7-8 

683 L^3jLo>-j «_i^aJl «La oLL^mJI : 9 J../aaJl 

684 <LUll o^aJl oL. 1-9 

690 ^L^JI o^all aL. 2-9 

696 J^I-OJ ^L^JNlj ^J^JI 3-9 

700 o^aJl aL. 4-9 

704 t-^> oLxpI 5-9 

710 o^Jl aL. ^ 6-9 

717 «L iJajl : 10 w LaiJl 

718 ^-L^Jl of ^Lk: 1-10 

724 i^^l fUk; 2-10 

733 ^ ^L~JNl oLpIj ^LS 3-10 

740 o^U ^Ul 4-10 

10 



746 jo^lj LapUJI iLkJl 5-10 

749 ^ J 6-10 

758 jj^il jLx^l 7-10 

763 »wc ^ J *ij olW 8-10 

769 J^l oU. U-bw : 1 1 w LaiJl 

773 iUl j^.^: ^ oIjLxpI 1-11 

779 SJjVl U-Uil 2-11 

790 £*iJl olW 3-11 

799 Vr-j^l 4" 11 

813 ^jJ-l ^ ^Jl 5-11 

837 ^.j^Jl 6-11 

866 LiS" 4^-j>f ajj^J 7-11 

875 j\ li^ 8-11 

884 ^jUU jijdl 9-11 

891 ioy V>< 10-11 

893 oLij ^Ui~ 11-11 

900 slJ-l olk^ 12-11 

908 slJ-l 13-11 

915 ^Ui »Jto.H oLiku 14-11 

915 B L_ivaJl Ajjf^-t 5JUaJl jI jil ollku 15-11 

1 1 



938 A L_/LvaJl ajjJ-1 aJl^]\ il jil oliku 16-11 

944 >lil ^ 17-11 

956 i.jJ-1 U^aJl jljil c > 18-11 

964 h*S\J\ 19-11 

989 ... IfjL^aj l^JlJLijj L^jlilj Oj-*aJl eL« Uail SpUalxd : 12 J-^aiJl 

991 oL. U-U* ipUaiJ 1-12 

999 jjj=^ ipUtf-l 2-12 

1012 _i ; oL. iJkjl Sjb! 3-12 

1014 o^Jl oL. iJiJl iLvj JJ^~ 4-12 

1015 If iJaJ j jijU.il ^U* 5-12 

1023 Oj-aJl eU £*Jii* U-bu. : 13 J-yaill 

1023 JjjJiidl U-Ull ^jJb£ 1-13 

1026 uL»ll 5JLaJl al jil tfljl 2-13 

1038 oUj^il tfljl 3-13 

1041 oUl j| jil iiljl 4-13 

1045 o^l oL. ^ j ji^jl) I 5-13 

1049 JJ^ J^ 1 ^Dl 6-13 

1056 o^J' »La J afrjj^\ 7-13 

1060 SJjsJl iJljlj 4^J-I Ujdl 8-13 
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1083 .Ul aIjl^u-I SiUJ : 14 J^aill 

1089 ^Jl jUlj olil J 1-14 

1069 2-14 

1101 jJdl J alii JU^I 5^1p!j ^1 3-14 

1103 .. ^L^JI ^i^Jl oU jU^UiUlj ial^Jl olil 4-14 

aUll 0 LJJ oLU^-lj .Ul JLpI 5-14 

1106 l^JU^I 

1107 L-t^lJl ^Uo >£>*x)lj v^r 1 'oJX 6 " 14 

1111 JUijl ^.^J 7-14 

1115 J Jill ^jjil IM\ p.*.*' 8-14 

1143 

1157 _ ^^Jl^l) oUiJa^ c_i 

1201 (^^i^l _ oUJlk^ c^ 4 

1245 
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3 (MS 



dllijlill ajlA duILuu (jx f . L_Sjj-all aL^al 4jjjlj]l 4_=JIxa]I ^-Viun 

jjLaJ 4-laJ1 lfc}3 LaJ AjajJaJI ftUall AjjLoJI <LoiLj .lJj^I aUa 

CjbjIaiJl j Ijjjj^I 1-3 

AjlaJl a-^j uj^' <-<jj^c 4 V-> j > n i '(Bacterium) Lijjj^jI! JjLa 

.(jjwuill <xA\ ^Jj 4^.UJI jjOi £-tls) ojlcj ^glc. oj^la j t^Lm *!ic. ^Vin'i 

jlxi jl jjj .4jaJU-all CllUx^-a ^ 4jji>it,\I CLsUiill jl jalail j 4junlall ^ 

j$Ji: . j^-all uij VI jixu V lill^ j 5 |im ^J) 0.5 |im i> Ljjjj^I 



t£UJJ tjLoj j .ijA 400 S j£* UjiHJ 1 jjh^> (<— >1 3 j il-3) JLSSI 

j| jaIIj jjauaiSVI j eliill ^ SjS j Jaja^ Jsujj j ^3 30 J) 15 <_£ 

i>a*J JfLiu cUull Alu^jS j .^5 jiVl 4jii-<JI 
.frliaJU jl^iilj Ajjlajll j oajjj ojlj^ll 




(1) 



Oa JStia. (uh) .(400 X) Uji&jU fSljS (i) .<-•>-» <£J±^ (^IjSll ^JJ^- Jj-> :l-3 JiA 

iniliUJI Sphaerotilus (j-jlujjaiu Lj5U 

A^>.V)<\\I sLaaJI ^ J^jj jjll ^jj! AjjIjII j jnrJ ^jj JJ <La J jtf I 4 aKll 



<(Bacilus) (j-jiu-Li t(Flavobacterium) ^jjji&Lj&la t(Alcaligenes) ji n\v>j\ l£ll 

AjjjaJI Cj| Jrkll J a-Ua^ JaLul ApaJ V j .(Pseudomonas) <_>Jj j^jJjjo! 

.^Li (^j jje. j 4jUU l_ix^> 4jJU-J Cjl_}L& l^Jjc jl dip. cAir^ CjLulj^j V] 
' . 'J ' " j"'^ ^ ^* ■ ^ AjLISII 44jjI j^JI 4a^.jJj : iJI A y \\r n\\ J lc jjjli (J£LiwJI jjSI (j-a j 
jaUJ ALIS J&1 CjI jLk gjh jj'Ji j JxuJ f&\ Jilt 4^nj aK.ViJ otaaJ CjI Jia. 
(Sphaerotilus <jaj\2l3 (j^jiij j jja^ ^ jj JjfL tillii uui U Ullc-j .(I 2-3 Jij^l!) 
^i^jG cl^auJaj .lie. j (j«> <a aL^Li. jau A '(4-1 1-3 (JfL^I) matans) 

JaJj .jajII SApa. ^al ^ 4jaL ^1 jll <j*£]| UHaJ <> ajj£ jljcl 

J IgjlJ jLij ^1 CjLjijfLJI J&l ^Escherichia coli) J j£ I^jjjIjJ * jjjjj^j 

^aJbuall a.1 J^-J AjC. _aj Jc. |» Vn* > aJ 4juLuj 4jj jl j3 j t^-s * <^ll j^V^I 

AjjA ^ic-1000 JJJ^JJ ^ (J ^-j J UAjJ^J J^=" .oUall AjjijfLlI 

jUiu (^gjJi tAj^iall Aj^jJac. bjffijll aA^L jj j c4j.ii-all j| jaII jAj^a^a ( _ 5 Ic 

^ la^L i) rtll ^jjj^ll j 4iUaU j.^vsytfs A^yJaxl\ e^UJI ((Saprophyte) (jjac-Vlj IgJ] 

<__s!jjl j*. i aS] <Lul j^J^II CllljjjjfLJI . j^JI "i^Vl aLao I^SjLjj 

4 uJcLjajllj jAiU 4-aj!iUI AiUall Jc. j}^<\ ^ A\W\«\\ <jy^x}\ ajLaJl J 
^ t-lLjc. J ^jjjJaxJI A jA\ kn\ jA^iUI illUjn^l Lai .1-3 5J^U-a 

CLiLijn^ )\\ (jj^j .CIiIjjjjSJIj CliljlillS CIiIjS^jaj JajJ^jAll <_i|ju]| q;t> ui^^U 

jjj^j l^j£J j tl^l'M (jj^J La.li£ ^pJI i_llj-all (jj7> "i^VI ja.l'ihu'l ACjAZua 4j\)<\\i\\ 
dj^lajll ^ 4iUaJI Jc J jj& lillj j 4jUc (jlwJI Jc a jjli 



ellLijjJaaJI (jj^jS aLtaJI ^auJa* ^ Lai t jjl-isMI ill! -> ui^a j 4 LxuLLail oLaaJI ^ 



C0 2 + H 2 0 + AiUa 

£Ajj^+ NO" 3 ► C0 2 + N 2 + AiLL 

djLj^Ja&+ S0 4 = ► CO2 + H 2 S + AiLL 

djLjjJaC- ► 4jjjJaC (_^aL<ti.l + CO, 

+ H 2 0 + AiLL 
CH, + CC- + AiLL 



(1-3) 

(2-3) 
(3-3) 

(4-3) 
(5-3) 



• 6-3 tojlja. oj_4JL^aJ AiUall (j* * 

4jcL± a jl ^_J (6-3) 



iijlft S joi (u) .(100 X) Ajlaja. S jji (!) .ij j*al\ sU« ^4 ^jJaJ! jiiuti tjjfa- j>-a :2-3 <Jii 

(100 X) 



j^ox ^gic te.iUll ^ *eii^ 4ia£ ^ tbja^. A^tlaJI 4iLLll iojaj 
^ ^Vl i ill jjj 4iUaJI (j-a 4lLa£ L» ' ^ ^IjjS -(J^VI ^ laj > o <\\l (jj~> mSVl 

<_PaJ ^ <aUall t> 4i<£ ^jjj ^£ '(1-3 a-Lo£VI ^ joauai^Vi 

(jc ujjj^all eUa ^ ^LuAjll 4l&^\ t— ibji^rN diaJJ .(4-3 4LU»a) ijia <_gjl jAV 

4£. jjJajx el eJj^. L-Sjj^a elj-a 4jj£ ^ t"i laj ,jl (jfLaJ ^^ai^ Cll!ilc.lilll 

oL* CliLjjJaC tiL^alj AaLiyi j AjjI jgJI LjiifLill Iojj jjill (J _lai .(jli-a £^C- J 
V 3UK1I 4_ul j^JI ^ijljaJI jjl fj* ^c.jlLj .i_ll^all jj> ui£.Vl Aj j'ma t_fijj-all 
J^klail IgiLaJ Lul jAV <Ja*J ^l AjLakH IjJJJ^JI £)\ V] «4juIaa1I UjjiLaJ JIjxj 
Jjli JlSlLj .(2-3 <bl»-a) (jjl^jjjjll jlc. ejj^-a Cllljlill ^ -Ljj^aII q±s m^S/l 
J| aJjj^jj (3-3 ALU-a) 4aIjI Of?ua£i J&l jA CjIjjjj^I ^ j2 JlA\ Jjauo^Vl 
4_JjoJa ' " '1 ' |» (_j-al jolbj . ( 2 1 al all iaj ill a j| (ja^. Aj^JI V"'?^).'^ 



aJJ > a3 cjljo-al] A LjJjfL <-^J^J jji .4iUall ^ jl^La <_gj.il <auia t4-3 4j.sLtA 
(JA AjjfLa 4u\ g 'i cllLS^A Jl 4jjjJa*JI (j^aLaa.VI (Jj_aauJ ^auJa^JI 4 jlaC 

.(5-3 <bl»-a) <jj*J^ lA*"^ 

<aUall J& J j.^N 4j_oj^a*3l CjL&jaII AjjI j Lji&J AuiSjj 

.Ij-laJlj l1u^)jSJI IjjjjSjj .(j^jj^U j^- (jjj^^JI 1j > n^l " ^aJluUj 

JJ joa. JJ& ^> J^j^ sAjoi^Ij AjjIaaII LijiifLdl ^» jii ij ciillj J Aoa&I dsl j 

NH 3 + j^SI cj^^P N o 2 " + 4iUa (7-3) 

+ gauad JSSWjJ» ■ N0 3 + AiUa (8-3) 



4j j > ^ir. <U_aAa. <_a j Ja 1 " lau 4jjjlall <LaJLua]l J 4jjjj]l eli^ao jl i_£aj 

4jl Vj ttjLu jjSI 4j-i*-a jIja j3 jj l^jl jja ^C.^)11jj .4j3lj ojl^p. <L>j.S j 4jJaiau-a 

^JC- dLa^JI ^3 A ll l al l jI^oaII ^ilaJ I a Vt~- L^llj ' *' 1 l ^j 4-lj l g il l djl^jjj^-all ^ 1c. 

. eliljIiJI <Jljii.l A yf\'i (J^miTi jllj U^-JJ^I j^- t — AcliS 

^ill j t9-3 <taU-a]l J ^Ja jJI (J&laill jUiL ajuUJI dujjill Lji&j ^ jij 
. jjjL>a]1 J JUi J£b 

H 2 S + ► H 2 S0 4 + ^ (9-3) 

Jjjj^jj^ jlc. j^)au3 jjjLa-all ^iC jll (—S^j^aJI aLlA (jA*JJ La Lille- 

<Uau^all jjjL^aII J tj^-aJ La JjSLl lilli jjSjJj .(3-3 ^J^U-a) ja^jjJj^JI 
(j^jj^JI ^JJJ^)jS (_^aLwaLal ^JJ .Ajjlj dll^l-La J j 1^. (JjI i >i jl^ajL oJ^aaII 



H 7 S o±**> S^oiSL tl.O t> Jal pH ^ ojiill j hJLujj^II tjji&j 

<a>J-il jjJjJI t °t . ;-i ; LaAic j .AjjUjII 4j j3 (jlaaa-j3 (jjiull £-a tdjJJJjSJl (j^a-aa. 
ojj^LaJ Jmj (Jill 4iiaj]l CjV JJjljJ ajLgjb i.nm*i\l J^UU tj^-aJ t4jil£ 

PVC 4iLa^b J gk>ll jUill£ JSbll 2Ujlio LJJjlj ^a fhVU gl .l^LaS 
ajjjflll <__a^£all dsUIa^a .Aja > ^ill jjjlawall ^ J£till ^ *M^J (J^-aS' J* 

AaLkloll jlj-lajl AjISj jlfk-Vt (J i^VI '.1>JJ . joa. j j-llgJI -liijJJ^ (J^iu -kuia 

.laijV.ni J W^Ua, U cc^b^U 

CAjjJ L_ll jull ^ j>>»r.!>UI jjJj^aJI cAjOijll 4jjI j Jj.iaJI Ijji&J LuiSjj 

• (10-3 jjc. cikipa. 

Fe ++ ( jj^) + ► Fe+++ (4p^J) + AiUa (10-3) 

±£yJi oj^aJI (Crenothrix) j (Liptothrix) AjkpJI Lji&JI 

UjjjIi jajJj .f.\ j**. (jSj *l ji^i jH Vj^-j J^il l^Lj^l ^ Fe(OH) 3 

j3 jJJ La£ <SUall jJj^a£ t-jl^Lall Jj^iJI j3 jJJ dua elall <J Jj.iaJI 

LaaJa 4_ilajua (JI-nTi t^-a^ll i -0 ^uffi.^ 6 ^ til j-aJj .(jjJjSil j ~U <^ rt^ ClAjjJ^fLull 
LjJjfLdl aOA j-a ^vJl <Lia j Ai^jjj ^jia V j <t jj%jjS 

£jj (jc Jj^j .(-Jjjj^U (^.Wl ^cJajJI JSb (jx "OaJI j tf.Lall <aJU-a jjc. 
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4jaJU-aJI oUxl AjaUJjJI ujjjL6U jaLolo 4jLu^ ^-aLjJ *La]l i>° JJ-laJI 

elslj aloo 4aa t >>j jjjjjjII i_jjjjVI 4iaJL«-a jIjaII Jj^ tJjS-JjJIj 

j-a tlilcLoi Sic jxjj .LjjjSall aJjIS ^LuLuu£ SjU \£\ jl JjKJI j<a Jlc j£jJ 
.4-ajiJ jUj aj s. jail I^A t iViun 4(jd-aj]l 

V 4jjg7» ,n CIiIjLu CliLjIaall jaiu j t(FungUS) jlaS jA cliLjjlaa jjLa 

.ojJjjl Ai-Lu^a ^gi j jjWqMI ^gi j jiiJI 4£.Lu^a ^ aJaJLaij j) 4^_C.Lu^aJI jj rtVllI 
.laJI ^ (jkjujj £-a (Jj^£JI (JSuoujS t jSuuill ojj-aaJI (j^ajL AjjI Lijjia i " LaJjj 

jj^Jj t J ja^JI JfLiuj V 4\jjI jA (_s jjla Cli^j Laiu .aOUa. ajJ-aik L£UJ ^-^Vl 
jl£ (jj ^gjl j$JI JJ rt-V'llI j».^"hnj lillilj . JJJ^J jj£I ojja^JI j-a ojj.iaJI LtyLiJI ^L^j 
. j»LiJI jfludl (JJiJJ j-a <-lLlij]l jfLuJ IjLuol OJOAiJI Ajajj L-Sj^JI 

s JjIaaII Lpjis 4jSI jll CjIjLuII 4jLiu Aaixtk dAjjlaa (Molds) ji*JI 

AjjjJoC. j AjjI jAV j L£/LiJI ajtiseia dAjjlai j .4x- j£La Ja JJ^J AjLLall j»£l jjll 
iJJLswall ^ IgJ ^£l jj (JjJaal (jj^JJ j' < . \ft JJ.1I 4_lLa*J ^» jflj V j 4ja*oll 
^^jliJI l-i i nil ^jjc. ^jLucI JfL2u l$-a£ljj Ja^Lj . jfLoJL <UiiJI 4jjJa,aaJ 
<UajiLall » l aaJ t 4-aiajl ^ ja*JI (jU <jJaJaJI Igjgjqla ^jJI I Jiajj Sil^Laj t 4^£UU 
oLls dlLji-a ^lilll j> ^\\ ^laJ Uus eliljiiJI L-b a jj ^^.Ijjj i ■ UjoUJ jl (j^-aJ 
CLlLjlaiil 4j L_ljC.j-a jjc. ^IjJ t^-iaJ La LJlc-j .AjjLplI CjLjilaJI Ljjj^JI 
t>* JLi jia-a till j 4jcLu-a CllLUj 4jaJLua L-JaL ^>"i AjJaikla pH ejjjla ^ 
^» jjj _»^VI (jj^>jjJJ LLti.1 j pH SI ^ijJ 'Lijis isjLa AiLjaj ^jjjjJall (j»aj . jSjoiII 
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jJ AojoiLjjI ejjj-aJ e-LalL <Ujiia]| <UJaj-<udl Ljj/l^jll jiajJaJJ 

^ (ji ^ 1j->jmi j (Vibrio cholera) 1 jJ j£ jjjjjs 3 (Salmonella, spp) ^ 
*U-aVl s-iLplb j^' ci^ jjllti^lUJI (>al jcf J^«2 .(Shigella, spp) ^ 

SjljaJI ^Lijlj JW^L *l*-«Vl t_ll^jSI jl-aJJj tja*Jj 4aajj]| tS-*^' J 

• JaaS 4juJajl j <\i * uJ 31 tl^jli j-a "ajlc. £^Ijjj jjaljcl jlajil ^ j»V^j 

j»Uaj ^ Cjjlj jc. jl ^!DLa jjC. ^j5«J jc f.Lallj (JjiLall j^ajrfjl ^ u^SJ LUc. ^sjij 
(jjj l -UjoiJ jl t(S. typhi) gJJJJ (Jai (JImii L"aj llUaaa AjflJjll ts -aaJI Lai .£jjjjll 

JS13 l^iu (> 4 jjj^j I jkk juil j^l jc! I^Jj t (S. paratyphi) ^1 jL 

jjlAtja a^ll (jtej Lai .^.u^tII jL^aJl jl Jjijjll jl^?J jl JLaJall jl Jj£l3 
.^.jll ^Jjaij ^Ltiall 4jg mil ^jl^aajj ajljaJI <La.J.S (ji ^JaSLa ^UjjIj ojjjajjjjb 
J'""'\.' jl e.La]L (J^iij 44j^i-all 0 j" j^a ptjL (jiaj-a£ iljJj^JI j 

JJC. I-JJjuo ^La £-a ^LalL «UjiLaJI IjjljSJI ^^j^C JjsljJJ La Ldlc. j .lLijLJI c-liilL 
.^DLa JJC. JfLiu jjic- -13 4j| jl 4£tlU-a 
^Jjj j-aJLoi jl I jjl j£ jJJJjS <UajJ jj c.La]L JjA^-all j jllu j <\ll mil jLuiijl jj 
A -\ \\ ■* a j 4 pLoil jjL-£xa a.2 j*. SajjJa 4a .^"mII tllLjV jl! ^gi Jfl"^ « JJC. ( _ s ijj 

e3U. jlaJ ^VL Shigella Spp i.l.mm .^Jj_ajll 4-alai ^JUaII #.Lall 4-jLaa. j «.La3l 

^tjjj Shigellosis jLiajl jj . ^ ^aj ujj jj&jj jLuc-j Jl^L jjaL jLa>jj 

La£ .<LalxJI 4^ luill jc (Jaj > n a ^Lall J^abi. jj^ao 4 a^jjj (_^jljj dljlj j-a 'ajlc. 
eLi-alj 44aLaajj liljJ ^^-aLaaJluiVI (jiajajll ^-a (jiajAll jLiojl (^aljJJ jl j^-aJ 

AalaJI S J Jala CjUI joaJI j CjUjIjIVI 2-3 

U^jia 4 4aLaJI aOra. j 4jjLa CjLI jj=v (Protozoans) jl (ProtOZOa) CjLjIjjjVI 

djli j (t_3-3 j b-3 J^J!) «-icLiMll ^LaijVL jjISjj 4(Protozoan) ^I^jjVI 
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1 1 ■ llU Sail j IfrAjJafrjj .^UUlkl! oUall lilljS j (—Sj^JI oLa <aJU-a 




.(1000X) <>j*- <^J*ul (!) .Lij*<aJI »U. (jiljal yi diaj yjlJiV ijjf^ Sjj-a :3-3 Jii 

(1000 X) (^) .fcjaJl iLli UjSUjjjjj Jjaii (u) 

(Jaij 4£j^JI ^gifc oj^a jxjUIj 4g n*i\t Alljiall Jal _^aiVi ij- 0 ^ >50 Jim 

CIsLjI .iLVI £"J_jpl LH 3 *^ ^ a > ^»"' n . lit ^>\l *.l^iJI Ig-La JJJ^ ^ > aflJ (jas. .-IsjjjJI 
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14-3 Jifill) ^jUII djUl^lj .^Itf^U ^ jiVl J&iVl ^SUj oul 
j| j-all («-<^.j Uis ^li-iiVI (>» 1 $ '£ «j jatoilL 4^iai cjb-alj j ljIja! CjI i (t_4-3j 

AjLjjJI JlfLiVI (jA^i t300 um (^Sj 50 IjWi j£&l W^?^ j ^juj-^I W^J^- 
^lal&U I^jIoa! - ^^...-.j I^L^jj jjc. 1$j AiLoall 4jL^]| jI jaJL (^4-3 J^ill) 

.ellill i_jkJ j Lua 

j» jajL ^ jjoijj^jIijj^II j (Giardia lamblia) \jj_)U=JI 
^JIjujI ^ t^Uil Jo (Cryptosporidium parvum) 

i*L Jl ^Jita J£i l$l (Giardia cyst) LpjW^ j . 

lp jU=JI ^ju^i U^ic. j tLja jc 15 um Jl 5j V Ja 18 um j 8 jjj ^ jl jjj 

"l— ll JOa a" CluljjSjjJ (_jjjjj£JI Jjij t <J i >i <r\\\ a t »-\ \\ (JaJj db JJ * n 
Ajjsua CliLI JajJal Ajfaui jjISjj j jajj j ^gjj (jiijJ (Trophozoites) 

^ q mi <\1U ^■^1*11 , £ > in (j^ajAJ AjL^aVI J) tj_>ialjcl J jjgJa ^Jc (jjj ^jljJJ 

jlia cjLamS L^J (Giardia trophozoites) Cyl jjajjj jUJI gj2 

ijlj^aJI 5^ (Cryptosporidium) o^j^j -ls^ 1 j^ 1 

'(Cryptosporidiosis) o^> ji^jj^J^J^ <k ^51 jll J ^ jll j 

• 6 |im 4 a J^a Jaa I LuaL ^ jj£ lK" ^1 j 



4ac.jj AjLSjll eU-aVI ^ (_>iajjJI ^aijj Ig <uk-iA aic. j 

U J j*J J ^JaoiiJI slauabU 4_ljbJa Ll>Uu JaJJJJ (SpOTOZOites) (jiijjjjJjJ 
^yo IcjJjj (JjUjoijjJj jjJjoijjjj^JI q^jc] jj£I jl .Cluljjajjj jjiajjj 
j_ojl*J j^l (_^al -*> up/ 1 eU^ (^j^C JjJaa (jlaj-all laA j . jj jxll ^LaII (JUj_ujVI 
LaS . (j^a^aJL (_£jj»JI <_)ajj (jl IgjfLaJj jl^>JI (_)JajJj]l ^^JaJ .Ljclla IjjC- 

(_>jjLajllj (_jjjJjjijjjjjj^j2jj^)£]| (j^ajjjj LjjLraJI Clll . aJjS <_J&ilj jl Ljajl j£-«J 
ljj|j CllLauoij-a jl t!>l!La o^joiI jljal jyj Jj^._oaJI iilla£ t jj * ^ mi jjJ t_ijjaJI 
. (_j^aJ ^)-<u]l j£l^a jl ■Aj-ajjll 4_ia^all 4_ilc^)ll j£lj-a£ 4_pjia 4ja > <-i dlLaji. 

.(_^aj-all iJlSiSV AjuUill ojoiubail jjL^iaJI __)j£l L-l^iill alxa ^xuuj 

djLujjj^ jj ^IUjI ^jljaJa jA (Entamoeba histolytica) ISjjjI jloiA Lu^-alljJ 
^o^all ^ jl jJI (jjjUl jjc- (_5jx.1l jU-jj i .iiMiTi 20 Jim ^l 10 IajUJ 

jl A etf __)JC. jl jj 1 fi^ m) jjj Jj-uLu (_JjjLoJ __)JC- (JlaliVI ^aJJ 

£jLi JJC. ^LaIL (_£jJ*JI Jlijjjl jl j^ ^C-jlL t4jjla 'SF'j' JIaxJjoi^ jl jij jla 
^jfc \£. I g » >i\ jc\ jj£l (_£jjc ji j IaaJIc (jiiLa (jja^a ^1x0$] jL%.j]|j .1 Jinn 

1 SjJjj jlaiA LujaIjjVL) CliLL^/l ^Jiut-a jl JJC. CliL>jJJ jj£la]| JI^joiVI 

«.loill <>aij AjUJI oj'oalo 4^iJmi; <jj| jA dllil jja. (Rotifers) Clll^ jjll 

AjjjjI j]l t_ll jAVI (j* jjjjjlj jJSj^a 5-3 J^-'^l ^ ^u^a ^^jall - I^IluJ i_jL^aII 
4jjiiJ t_l jLujU til^pJjjj jlyLkl-iLaj jlKljlLa <<a j3j ^^/joll (JJiljj .f.lj«JI JalajlV 

jjI ILaj 8-3 J^l jig .La £ U mii -uoa l\iu UpSj^. ^ Allxll i_i jLjI 

^LljIjjSlli .<JjJJ jl CIjlaa^La jJjSljLa ^j2j (_>ilj ^ Aj\ jj UK t allai <\ tt— llaJa 

tiLuo liSliA ^US/I j]| ^^Ic. j tAji.jji <^ia j tAjsl j 4^15 <*S jii j j (Keratella) 
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(200X) Ji j-all M 4*JU- ^ ja.j (Rotaria) ^fijil Ajj^?- S jya :5-3 J^i 
LpUJI oiiaia tlib! joa. (Microcrustaceans) <Laall dLijjiall 

CjLuj jjoii) 3-3 

JjlSij ^Lj^. -Ixaj j Ll^UJI cjULiL (Viruses) cjLu jj^l 

V] ^JJjj tj^) *^ ^ "-^^ J» i ^gjj I jiajj .IgjoiiiJ Lfrxaflj (j- 0 ^ (g «J (J-* 3 ^ 

(jAJ La ^ jl JJJ Cllli AAa-j^all A-uSdll L ^A\ LllLaijjjil! ^Ja*-aj i^jjjSJ jfl 7» <n 

^ U ja. jJ.>, na a. (j* U J-iLu La j^l t( jjjSjLa jlajjL 100 J] 20 

jl La_a-aC- (jj^J (joijjjill i6"3 L&^l ^JajA jA LaSj .L)jii£ull 



Jaa3 JJjJ LlsLuojjjill j .o-LaLtLa ^ A£.ja-\ a (jx 4jj£-a jl oja._jll a-llxia 

.(Phage) il^j j (Bacteriophage) kjfi^ CjU^jL UjiilJI 

AjjfLa LjJjfLlIl ^jLJI oialaia ^- jl^m Ja-aj (j-a ,_jjjjjjall oLia. ^^jj *JJ^ (j) 

V l— iUjuJI 4la.j^ ^jia .7-3 (J^-^ ^jJa _o-a jA La£ (JaJ^a <-1uj (j-a 

jl-ia. ^^ic ,_jjjjjjall (j^al > <aJ ("l laJj .4j 1^J^. J La £-a (JjliLa jijlj (JjijjjAI] 

V jSJj LjjjftjM (Ja.b ^jij-> i >a Ljjn^l J£l (jia-i JaLujVI .AjkJI ti Jo 




&> M 



4_iu)jjj3 CjUjjj^j ^ L>^^ CS"^"" *-^> J ■ 4jla SI (_Ja.l.S l ■ eaj 1 all a j 

AjJAaVl (_)^aLaa.Vlj ^^jjJj^ll s-LumlSI 4_i]Ij]I g i iajjl AjLafr ^aaJ .is.ll.la. Ajilxl (_)^aLaa.!j 

40 J} 30 <.n.^ ^1 dnttll 4ial£]l SjjJ 

<La^l c-U-a^l (ji Aa. jJ ^1 lillj j»L<uAVI ^ jloij ^1 dlLuo jjjill (jj 



1 u u 



(_») 



^Uu, (i) i.n.nn UjjoSj CiU^jIiJ jj^a US SUaJ! ^Ijjj SjIcJ 4iK :7-3 Jli 

jjujjja^jjj (_5jjoa3l jl^>Ji ^ jIjcL j ^^iSI diLaijjjill j 

^jjjiiuoJllj tcr u>iii]l jl^?JI j o±>\j^\ £-a 5ial jLall (Adenviruses) 

(j* jjjs jjiijjl j taoa-all q±\ jJ j JL^VI c.uxjoj ^ill j (Calciviruses) 
<_>« jjjs j (Coxsackie) £ lP^^J ls^ 1 j (Eneteroviruses) 

lJjIlj l-u^S ^ j (Polio viruses) jj^j^ j^' j (Echovirises) 

^ LjI^jII ^aljll ^ ja ^illj t^Uj ^ s-MW s^^Aj j (HAV) A 

.*.LaJU <U j-a^-all CliLajUv ,j A (_>J JJJS^J (J^i J 



cJUIaJl 4-3 

<uLuu a j&j Ajj^a^a (JlltjLj (—illaJall j t(Alga) L-llaJa l-llla LI1 Jjia 
.^jljjl jl (_3j-u jl JJ-^?- L^J <-^LLu£ <_JLLjVI JajouL ^ jjJall ( . uS 

^.lalLmJ .&! ji >y\\\ <J_a^a]| £A A Llllc- jjiij (_jJJ-a (Jj^ j£La 

^31 ja 4jkJI Jja. j t_ikJa (jlj SjLuSU (Diatom) CjIjjK.* J ^AU.^a 

aOu» "ajj^j aLw i> Cj^'j t_JUJa 8-3 Jiill J^kj .<Kll<JI Kj\u.i\l 

jjiwjjajlil j i(Anabaena) LujLIj '(Anacytes) (jAuJ-jl <jj .0 j-a 100 S j^-a 
JjIa^. j^ij .clijlaJI *.LaJI (jiljj jjJai. - Jjjj LilUJa ^ (Aphanizomenon) 

^ajjiai L-lullj t(OoCyStis) (jn"i>njjVI Lai . ^Lall Aila-a (jj^J La-lic jjja^a 

AjL ^jjjj < . ilU U l ^ ^IjiVl tlill* lilljA j . jj^ai. LilLaJa (^gi t(Pediastrum) 
Ljj Jjsj- 0 ^. t'iI > *\ l t ; illaJal] 4j jia 4a^ojJajj La jjjj (Standard Methods) 

^JjLcaHj ^jjJall c_u£jjll 4aLaC Jlajj j jaj 

C0 2 + P0 4 + NH 3 — » oj^ AAk + j^uo£l (11-3) 

j 1 » ^ tlllj jjj^jJI jl (jjjj£3! AbaiSl ^Ij tAj^iall Ajjii < ; ill a Sail ^V'uin 
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(j i) <\ uill Ajtiil j3 jj |»^c. JLa. ^ji j . jjl^all j CLiLull ^IjiiJ SJjLa 4iUa IjjUajS jjj 
Jclii cJ^aua j .1$jUj jl jaIoiV A-oJpUl 4iUall j3 jj t m^VI £-a 'g^l J 

'a-li.!^. alii. eLuojj ^ j > «ail i— u^jjJI i^ya ( 

.sja jj jjISjjj L-llLai JAU 4<LaSLa dAjOi-aj A 1 mil a AjJJ ClljajJ lili ,( iK Jail 

^gj] jISjsVI jl eliill Jj^aS J^La. AjJaiklall ajljaJI tllla»jJ iaj j .(jimml! 

t -ill -*> lall 1 3Jj£ I jaj L_ajj-iill aLi«a jl Lxmll (jlj^ajl (jj^olilll Jji" jali J 

V tljjlj dlUia-all Aa3 L-b iliSj ^i. ^Jj L-llU 'j^jc- IjU^jl ujjj^JI 
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(100X jojSj) t5^j«j3l 3 joaj sU» <> £^i>a i.iWM » jj^a :8-3 Ji" 



*U2L 4J jiUI j^Vl 5-3 

J£ (t_jL^a (j ^ mi jl jj ^ (_pa jaII 4_lu^ JJ jc.) (Pathgens) CjLjs j^all 
L> JSIj .UjaU! Jipllj cjLuliLVI cLjii^l cdA^jj^l :2Lau2jl! ^Ijftl 
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I^A .J^-l (J ^> >» ^jJj <— iL^a (j^xioi jljJ Jj^-i JJC JliiijVi ^aJJj 

jj^j _4aA11 jl jJI (jjj^ULi 4_jlc. ^Ila^aJ ^ill ^ill £^JI (>a JlSjjVI 

(_>a*J ( . iL ; 3j . ^LaJI jl ^ » all ^)JO jjjLuj jjC. jl ^jLl^sVI ljjilj-a 
jl jLxll (jl iVnuilj jl <USli S^jui^ JJC- jl Ajix^a dlUljJa. jljiJ (j^aLiJjVl 

Sj^a (jjLuj .SjjiJl (jjiij Jll AjaUaiJI jlaull jjc- Jal J^Afj 't3^ j*^ oiiljiaS 

.AjjxaII (j^al^aVl _>^1 <_1^J Laiu CllLja^uJI ^1 jj| (jjLuJ (jia^aJI Jliijl 

(J-aluj JLj > .-i £c-aLsjJ ^LjijLs (j^a^all 4jt»i 4 -s sl£ a Jl (Jj^ajjll <j£-aJj 

oLw 4 t» \U j ^Lall j^L^xa AjLaa. j tCjUUill LaiiLa L^Ja t^liiJI <=JU-a Ajil^a j 
. (jjjl > <\ll (j^al ni VI A ~\ \\ r <\ j t(j£i-al ^1 (j^alj-aVl (j-a (Jjlill (jj > ■— i^'i^g l—JJjill 

(j jl Jjll u& S jjiikll (JjUuSjaaII 

Jc- (La ^.nVil Ajji-a]! i— fljjL^all aLi-a J dAjJa^a-all jj^jJj ^Ijjl -XalnJ 

.(Jjjaol! jl jJI J 0 jjLall Cl>Ljaj-<udl Jc lj\ (jlSjuoll 4 -s i 

Ja-aj 140 J& ^jjooll jljJl .(3-3 ojaill) t LbJa<ttJI ^^aJl fJ^aJl (j-ajJa 

VUa.1 J&VI Cjl^^a^aJI (1-3) Jj^l J C^jj J3j .OUjjjill JL^aV 
iJajA} V i j .(JlSuVI J& UpjLlalj LgJ 4ialjJI (j^l^aSfl £-a *la]L) JIsj£U 
!>Laia-a (j^3^)-a]l J-1*J (j£] tjjjojjjill ^-ift (jAjl >^<i\l (j^aLkjaiVI ojj^j-iallj 

dlLoi JJ^I .4jjjca]I till jjS-all l1iLuojjj3 (j-a (jAjU^a-all (j-aLkxoS/l 

llaJl SjJj J£.>:^j 4(_5j^ja3I c -A^axSI J Saill L-lb aJ o!lfr Ljal^al SjjSloll 

dll^l (j-a (j^aj > t-t^ 11 <^ j ^^jlfr (A) (jjijjjilb ^J^]l ( ■ llg'lil (jj j JJ3 ^)ii*J J . <-_lli3l j 
4-ajjj j^}jl j .jaJVlj _J '"'ill j (jl m \1 t(jA_all t4 ;g uill (jl^S3 4jJal^)frl {y*J . (j^ol j-aV 1 
(_paj-all ^jail «.L^ liA t>°J '^i?Jlj (JJ*11 (J^ 3 ^ is^ Ji ^**J UJ^ jl^)i^l ^^A Aj o jj-a-a 
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al tj^lj eLall 4jajoil_jJ .JjSJI Q^J^ jljJlijl (jj .ji*-aVl (j^J^ 

.(Jjiall eloll 2 ttkil ^ liUj liiis. (jl CjLjV jJt (J (3JJOL) 

j ^Ijjl ^jic. ajii AjliJI oiia. j ajj^-o diljjl£ (Bacteria) c^ljji&JI 

jjjL 1 (JJJ £jl jjj l$ia J-jfr ^^Ic. (_£ Jj^oII jl jjJI iSj=>^J .(11-3 a jSill) 
LjjjjSjII Ljjj^jH die- jo-s a <_J^ <e^ lOOOj 

'(Enterococci) ^ jjiiijl t(Enterobacteria) 

'(Bacteroids) j^jji&j t(Rostredia) ^.J^> jj '(Lactobacilli) ^JLJjjjSV 
^jSl^j^VI .(Eubacteria) Ljjj^jjj '(Bifidobacteria) Uj^j^iiij 

(j^ajUJI jA JlgjaiVlj .4jjx-all Ljjn^jll a ^3 lc Ajjl CllLp jail Jj£l 

Ajjilall A-jjn's ill (j^al^aVI J-^J .Aj^xaJI l _ya\^yi^\ (j-a JJjS ^ ^jjoJJ^II 

Jjiii .la-a ijj jiiill j .(UjlljjjJ ^ l.'^ -'''') ^ nun j_g j » \\ j 

_ja-all (_£.ls<-a]l JLaJall t_ll^ill j ta^Al>,«,^ 4j«ijj-a ^ ' JJ-oJJ a jjiaiJI 

Jlgjai^lj jl^-jSI t , l u >nj .cJli^JI j ^LniJIj tJL^jaiVI I J^JI (jialjcl ja^Tl .^31 j 

^ aa J ULaJ j ^Ij jl^>fJj 

,jj«uiJ( J( jJl ^ji L^k jla ^jj ^1 Aa^jjAlil fclilua jaoJI :l-3 Jj>^ 
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a^ ja o j 


(A-o jii 6 J jj) IjLj jjjUJjIjjxajA 
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Ajl-IJ-N OJjJ 




III 


AjJa^uj ajjj 




A iJaflaAa A-iaa-a Ac-j^. lAialS JJC. I 


La It jj ^!AxJI ^ 4 u^ir. (4*jLa-a) (AjJlc. J] jla Ajj*-o <Aial£ JJC. II 


a^ t ^,is in 



tllUSjll (jl£La <jC A! jjjmmj 4_Uitill J jJI ^gi s^jLjj CA\ jLa (j^al j-a^/l sJlA 
Aalnll 4^K<\1I jjc o^aaJI CjLjV jll ,J LuJaljisI dlLaSLuil .13 Lpls clrkjjL 
(JjLlVjll jji (J^al^aVl s^A OJ^j (j-a ^C-jJLj .c-LalL jjg Vill ojjKj ( ■ ulail jajtoJ j 
£-a.JJ Loiu ^J?.JmiII jL^j J) Lij'S Ajj»-all (jialj^/l ^^j^Sj jli a laJ e\\\ 

(jlaxall c-Lixll l_ll$jll (j* £cjli ^>a>« '^*J -^U >alLJI <J) el*-aVl i-_llgjll 

4jj*»a CjULaL jc SjLlC jLuU^I CjUjIjjjVI j .«.LuaVI J a-la-all 

(jfi* J /ffi j .JaLiuJ jjISjjj (_£.1*jj ' " 'j-*- $.Lt-aVI jl-^?u l — yl jj^JJ-^l <-3' a^lj 

t^] cr^J^jSj^ (»jSjJ <^V! ^ f j*Jj JJ*2 dul jjSjjjII aUa. CjIjjS 

(_£jljjll (JjJjJall jjc 4jlijjL (jj^i-Vi (j^Liua6U ^JIjlaJI JSjuoII jA ynftll j 

jaj ^ic. La 15 |im j 5 jjj Lllc CjUouj^JI uj^j •(Jj^l 

l ■ IfmJ jla.jllj (JU^jaiVL^ Ar'il Mill (j^al^oVI (j] .AjjjlaII LjjjfLJI (j<s jm ^ 

K/nl jlaA Luj-atjjjl t-JfaUJ .1-3 Jj-iaJI ^ <a.j.Xa ^uJojaa CjLullLl 4jX 
CS^ ^jja-aVI jla.jll ^-Lujj . -IUjj cJ^jiu ^^iall t 'oj.^i^ll (jA jj ^jJJ-al J^jj 
Jc j .<]ju*a3I CjLaAiall Jlaa&U <Jj13 JJC- Laiu 4jjI jIjjVI CjlaAlall 

t^^-allc jL2ujl j (j^alj-al (JjUjjj jJ^J J^ajjoi jiu j£JI j (JjUjoiLo jLaJI (jli (Jfijs'lll 
.a^lall djLV jll J 4£jLL<JI A^J^\ J *LalL) jaiall LpUjla. Cj.laJ j 

jj£l jl Ic jijuil *e.llc ^»j.li Jl^joiU LJLaV LojLaJI jc a^UJ! (jla^all jjAJJ 
jl^. a#.li£J Lujj (j'-^J (j^JJ (Jf^J ^laoj^ j AailaJ t " <1 ^» j u2 4 j-s t 

(jia^a (jc. jaIuia (jjLuJ ( ■ UjolSj Ja3 (_^aJj-ttJI (j mi 11 4 i ^11 <ULaJI j AC-LiaII 
4jL_ixaJ| ajjj jj^Jj . ^ < iVu n oil AiUjJ L-lUali La (J^UJI JlgjuiVI 

JiLajJ <ajoi Lj^jl Jail j .(jjcjiail j ^jIjjI jJJ (J^3^a1I JJ€-^" ( *j ' ^ ^1 



Jl&L^JI d/olill AaJjj UjjUsJL jjajlJ t_jL^u AjliaJI (jjlallaJI j^iS .L-SjLaJI 

UcLja-o tA-ajJaA ^aJ (J aJj£ (J£ (_Jjlia c-Lall nnj^l jjJ^yLa 4jU^xa1I jjauJI 

dlluiuS (jfLaJ .4a3l L^all AaLaJI p.Lall ^ LojLaJ jljicl (ilJii 

CjljjS '*LJ ^J^ 3 CjUjIjIiVI alia. 'ajj-S ^ AjUill jj& loJjaJI 

jTjaj tdll nij^ll ^uJaA Ji*J .JjU oJjUl aUall ^ 'aLaJI Ol3 ^^Jc c-lL 
LOjLiaJI ( _ s aiaj jjiaJt-a j .( qu^-ioll c-U-al i ■ U> adj Clll uijj^Il <j-a till j jSj jfill 
<_Sjla-a LjlLJa j^Ic 4*11 jll djIoLJI j llllxAjiall ^ ciiisJ a^lall ilLV jll 

.^uijjll <Jja ( iiiil'm ^Ijrtft jjaj ^jjj Lajj lg"ns> nn 

JjJjuoll (JlgjaiVI ^jJJJJjJjuojJJJJ^II ^l_ojl i g 1 1 1 in (_pal^aS/l Lai 

.LjJ ^_aLi Jljti ^^Lc. <— aj*J V * 8 ''J^ J SAaJl j-a AjAiLa CliLajOj ^jLaII JU^uiVi j 
(_£.}] <Jlg_uiVI -ii-aJ LajjJ c<ajJalj JJC-J A-aUSa Ljaljcl (_^LvjjVI (j-a JJj£ ^Luj 
(jjjlju (jJ^I (j^al miVI «ujj^ (j^ (jr-»Vn Ljja_i^a AJjjL ajoil ^>a.l (J^aAJ 

.^■gjUaJ J^-a ( at q-^ j (Jl^j-uVi ' . '.'"'"'J (jl (j^-aJ t^^c-LLall (J^-J^ 
(j^s ^ljUJI AiixJLi 4j jLoll Ada oLiaII ^ ^jj.ljjjjjjojii)j£]| ^j^a jjj I'thj ^al 

^1 4^iLa]l jl « La ^joij aa lil .^LaJI ^ ^Uc-Vl jjiij J AajiLall jUJaa lUc. 

^Ixjj Laj3 j .(jjj^jjJbjjfujjii3^>S]l Jlajjl AjjLaJI j»J^dll ^^L^ 8 LS^J^ 

^1 Jj^aJ <Lj]a tllljjal etsjll UpLajj Ida. jlLa IfrjJa jJJ jlfl ibjjliaJI Cii uin^l 

aUaJ a j^a-a CjUlaJ Aij^a 4JU. ,J aJalall CjUV jll <J A-aUSI aUall Aohil ^ 

t ^b's ^aj .la] .AjijXA dllau i j (JlgjoiVlj aa SI J i^La jjg t>"< jaliall aiawa L_Sj]VI 



dAjJajAAll j£j 4(J^3Ja1I jljJ CS^J all aLlxJI ^fl ^jj^jjJjjjjJJJj^JI jJajJJ 

jLuSjjI jc. Aijjjow AjLiiaJ! jl 4jjjojjji]l jl 4jjjj£j]I (_£J^VI 
jl£ .Is] .*ULj JJ£J>Jj1 fU*i ^ 4_aJU-a]l aUall CjljjC. J£ LuLai CjLj j] jill jljlkl 

^-jl-LaJ^ll jliall t— ll jlaC- JJC. (j^ajjjll jjja (_£ jc- .jaJ . J^-ill ^^cl ^ A k^, a\\ 
A-\j\'\ ^uijlll AjUS ^.jc. Jjj lU*-^ tj^ ^3^.)'^-''"^ clil joa-oll c_ka jj 4^uij!ill j 
L_aV^ AjuJaJ 4jL^J jjjlajll Clllkj 4-lilj <JLi. ^ j .ajlmll JJC. (Jjiuaallj o j^-a-S/l J LaxJ 
^aJ jal (_£.jJL-a j^ajAJ i4_aJl»-a 4 lam alj-aJ jj'"''^ .ft (J-T** jj^-* ci 4 -^ j -0 

t -Imj .jal .4^JUla1I ol_L&]| ^liJI aLi-o]! ^ ^jj^jjjjjjjjjjj^ll (j^a jJJ ^J^aJ 

d±jl£ j .4_uoJJj ajj.^ij ^aj!)La]l JJC- (Jjauoall ^j jjU>il Lall ^Jjjujlllj ^1 joj^il jJjiJi]! 
t^LuuSlI JJ^jll (jJjaiaJj JJC- JioVl l&^a. SjsJLlaII Ajic-li ^Aj llAjjua jj]l 

^1 ji^l jliii.1 j i^ljAll «.La]l ojjSc- j-alijj j t dlla uj jaII 4_t^L^a ojj3 jj ■ aJJ j 
^ja*j] <laLuill 4_ujal_LaI] 15-7 ajaall £-^jl) ^J^JJ^J^O^ O^ 3 J£ LS^" "U" 1 ^ 

C-UlL| ^^jll jjUjoijjJ jjjJ^jJJJJ^JI j jjjj-uljJjLtaJI CllVl^. (ja (jj 

(_gi j .->"■> uj ^j j uj (jJojaJI <Jlajjl Clul£ Igj (jialj^'VI A^slfLa CIjVI^j 

<Ljlcj]l j£lj<a ^ (jjaj<ail ^JJ" jLujjjl ^j (^gjJaSJ jl j^-aJ (Jlg-uiVLl jjjl i <i <\H 
iJlmTl jl j£-«u (jial jxVl o^A jl Liajl Jal .til jjjll ^ lilliS j iAaa jA\ Ajoiall 

oLl* 4-ijjj jl i-lijl* ^UuL clj^j ^Jui '"^ (_5^lj tjjjaLawJI Jl^joij ^, ^ i uj 

CjVU. (jc ^j^UJI s^A ^1 jj| jjj-aJ ^Jtjjjj .Aj-aliJI J jiSI ^ <aJU-a jjc. AjaJajai 
.«LaUJI ^Loll 4 ttjajlJ Jj^-> a\\ (j^aj-oll ^jJ^aJ 

a!j<\-\ Jl oJjoll jla ^IjILj c(Strongyloids) jajjiVj jjloiVi ^Ijjlailj) 



^■^)ia ^aJJ ( " ua ii—lL^a-all (j jj^ajAll (j^al^ol a^aj Ljajl JaijjJ ^jljj^ll 

>y& } cJSjjj (jl 1-3 Jj-laJI <_gi <L>j-la]l jl.li.ill ^h* <\\ j£-aJj .a jljJ ^ 
AjaUxLlI <ji«J -f»y 4jt^aJ UjJ 4jLjaa. ajji Jlau CjjU ^LtUl jl ^Lall 

(jl j£-ajj . AlaJI l^Sljlklj (jLuu^U 4j-i*-a j^*J l^i.jia c<L)jjll f^gk 

<±AjJa$l\ dlU jixJa^l J jaa ^ jljJ^ll CH 3 ^ sOJAjill <jL^>VI (J^aljcl 

60 |Jm j 40 jjj jj£ ljIaiJ l-^J^ J^j -uAjJ'j j 

Jl&jl ^ S J*j*l\ <J*lj*J 

^■jia jjJ Al^aliJI <Uiaj]l ajai]l gJfc 4jLjaaJI ajjSj .^LaJLl Al jiiall Q^tjJ^] 
\j jl ^jjja jpi Laj . ^)=wl t 8J i >i <\1 4j-^*-a j^ial L^ljauj 4_Ja j-a-aJI j i >— ia II 
jl l^jJajjj (JiljJ j-a (JafiS L^-La 4lii jli (jljj^ll Lai i 'ajiL A 

diljji i . \\ Sajja Ig Lai t jLui£/U 'a^jiLui j^*J AjLUuiLa jljJI LplSjJ 

ij laJ 1 1) j ^2 i_Ji.Jjl jl tAj^*-a Alaw^a jjiaol Lai (_^a jxil\ L^lirvJ c4jl i 

.^»LI 10 Le 4jl » >r\ ajj3 L3J (_^uJjjSj^)Xa (Jjij jLLail ia.lj.i2 .LjjLja 
i ; nnn\ Lj^IaA ^gJtflj (^gjJI -LuijJjaJI CLiLuL^ll J^c. ^yfc ^jOaJI Ac-J^- 
J3I j ^Jaikia CjLuliLVI J CjLoijjjal] 4jLii]| Lu^ll <CjaJI aAc .(_PajJI 
( " \ (jl e^j^l 'o^awlj ^jjjJ jl AjJajJ j^-*J ^jl JJC. cLjjjjSjU ^^illl lillj j<a 
(j^UuiS/l (_L^aj <jL-aV <Aj!iUI <C jaJI <C j=JI Jl*-a Lai .<J j^tll 

j^*JL dljlill (jjjJa^)*»aJI 
Ua. (J^sjaaII L^jS t^Li ^1 4ala jll ajaall J jlaJ c-lLJI ^gifc a jSsl\ (JjjLHj 
<:lLdl ejjUll Ajj^iwJ C1jLu1£]| JlaliV j£aJ .^jJiJI t 'oj.^^ll JTjLi. <lrJI 



(j>a IjljJC-l «.laJI ( _ s -ic ajJiill jljjj Laj^aCj -^jVI ( tjir-irtll jc jj-llxj (j^al uj1 

J\ djLuliLVI c^u£ J\ <-L»jjM Jl (*UJI Sj^a ^1 LjiSJ! 

. jj^ilU Jc. l^jj^a (JjjIsj (^illj jl-ij-^ O^JH 

(_Jj^aJI Ac-^aJj 4jl_iJaa. ajilal laSj diaii <-i AS ClAjJa^uill (Jlilil » j] 

I 4jall '1-3 J j-^-U J*^y\ J J- 4 *^ J ^lia j-a jA La£ 4C.IL3I Jc. IgJJ-lal j 

I Jj3 4jUi j (lOO t>a Jai) AjJaikia — aIsux jla (J jJC tlllc ja. dlli jj ^glc. 
dlli AjfLaVI (>«^a jj ^i-v mi j ^ uj jj^s (_£ j^ajl Jliijl Aa] .Ig^Ja Jla. 

\\un<\ i_diaJJ (j^al j^VI a^A ^UilLa jU lillil j .4jjjlall 4-aUll j 4.1.^ mi\I 4a . 

IflJlJjil j (10.000 t> Jel) Aja^jlall 2ua Jj ^Ua^ jla 
jj^al^alj 4jjlLa VI rt'l".! JSI (j.T't 
<L*alajj ftJJJ^ 4a<aAl l^al^aioil ajlc-jj l^iajljuaj t—SjjL^all aLi^s £-aaJ jli cl 4jfll] 
(j^i 1 flLkj .la. ^Jl 4jJlc 4, nijt, oi l (_g j"u no jjjljt-a j 4 j. rn-^ Mill A -s t ClulS lil 

. (J^l^ nil — jJiT^ mi (JlaijVi 

.^ILJI sjjlflj <jLJaa. ajla AjjolL Jitu jl^jJ III 4jall (j^.^in 

l^JiSijlj 4jUi Clou3 IgjJa jJJ jl ^J] I jkj /Ml 4ilkilL UaLujI J^* l^lliajl j 
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jjfL j^jl! djlxxia-all ( _ 5 ii lillilj t-lu jinJI (jial j-al AiliU AjjjIj lWj^- 

CS^J C -^ 3 ^ »1 a i I j^al niVI (j-a 4jUjaJ jli iliL jl * n f, j^ajall l^jS 

jl CLi\ jiudJ jl jjg AjLiJaaJI a jia (J jlaj ja (_£ jaJ j^al jal I n'ni cj^aj-all 

^jll 4_Ujijjjall j (jial ja^l ^Jaa ^ £-a (Jaljll ^jj^lij .alj/aJI (_£.}-a JiLaJ LaJJ 

(J^jaH jjlaLsJI (j^aUJiVI jl .(jjljjll ^l j Ijjlj^ll l^aa Uj £l$ll JJJJ 

^l-li^U JaLouJI Jlijj^l jC J jVl <3wJ.jllj jjljjjuuall ^aA 4jJal jcl JjgJa jj-lJ 
jl.OJ.ollj j.oxll dj^/Li. ^2 j . jj jjjjoi jjjjj£1I 1 jl LjJjLiaJlj ^jjuaJI 

(Jib ^jL jja* (j^aj-aU 4jjiL (j^aljcl ( L . >y <\\\ nill ^^Ic JgJaJ .033 

jx Jp^V a jl jj ^ <_paj£^ 
AjLoVI tliVLa. jl - ■ JU-aJI ,J joLaUll jLaVI CjU. jjow Clj^lil Jial 
^frjlLj . jl£juill J.0& <J-al£ (J^ tSlia j-a jjSl ("hiijl eLalL <U jilall j^al J-«Vlj 

tllljL-a^l .J.OC. jl 4<ial£ <jJaj-a-a (JJ jfr ' ° j ■ alt aU* jl nr. I ■ ■ '^j lilli j-a 

^iL ^ 4jU^| JLajaJ ClllS .13 alVinll dsLV jll ^ «.LalU jiiall (jial j^Sfb ^Jllall 
oUj ^Uj JjJas! jl LS lc jLaVl CiIjjj£ ^Jaa-a j£ jj j .(J^jaIU AjsJjcaII AJaawa 
^1 til j.la. JLa. ^fl Ajjjill <Jflall a^C-La^ll L-lUa j 4_jj^xaJi]| AiUaill jA (_5jO«JI 
Igj ^jjj IjJaj ejj^i-s (JjLaball jJai.! ajji.^1 a^A j . jkJI ^JaL Uluuj 5jU^iI 

^jJ^JjOjoi jlSll Ic-jJjai j'l^ all jj ^ ■"■^^1 (jialjxl jx JJJ^J ""' J lj joSI 

^ jjLUll ULjSL is ^a jj lil t( 5 jAill jl jjII ja (Clostridium tetani) 

.(Tetanus toxoid) ±±y^ y t_y> Aclia ^^.^ill ^LLSII 

Ajjx^II cjLu jjjill jl^l 6-3 

^A <adj^alauill aL^all j (—Ijjill aU<a ^ A^LalaJl 4jaAVI dlli diLjjjjjall j] 

jl JJ ^ jLj j jLauVI (_J^1 j«-all (_^^*-all jl g 7» II ^ JJjJ (_gjll ( " 'I > ii j jaall lillJ 



Q ui j-a L-jlc-S/l ^ dlLai j Jjflll (Jllijl (j* ^C-jlbj .^JjjL^iaII (j^alaJjVI 
AaSjaJI j In mil ola-all ^a. jJ A3 Ljjl Vj '(_£ j-aall (_5 j'^>^ CMJ^ 3 ^ U ^"^ 

jl^jjll ^ Ijiuii ojJJ^ dlLba^J ^^)iaJ ^^all djLaijjjall (j^J •<^0'* A ^ ftLallj AjjLJI 

IgjfLaj j (Norwalk) t*UI jjjj -k^ jpj JJjc-j (a) ljI^Ij o^jjjabjj 

Ac (JS jl I Jaj j .~(_£j.i*JI JSlj AjjJjfLV ^J-^*- 4 L?*^ I— UajuII 

.( alia ^ Jjj (JjjjjjS 100 jp» JJ^I J£H" ^ ^ 4 alia ^ <uL^a JaUul (j* cilui 

^aJJ .4jJ& .ll-lajj I jj^jjj L^a^liojjjl I ■ lllalj 4jj*»aJI I " lb n j juall jUual jj 

A \ > <n j3 jl 4j3jlal dlla ui^a ^)JC £.LaJI j<a SJJJ^ CllL-a£ ^jJoj (J^a^l aJjuiVI 4jLaC 

4jjlall jjC- oLudlj i—l^jill aUva J I " ll > n j jjall (_$jf\iM jj^Jj .0JJj£ 

jjJ <\-^ ^jljJJ c-Lall jps ^jjC- 4-=Jl*-a 1 ■ llLaJJ ^aVI jj < " I l\ )U iU q '<nft\ \ a 

A^']^ <\\\ dlLiiajllj . CllLoi j jjflll t (JLaaa.1 ajLjl (illij jjJ L_allj dlUa 4jtjJaJ 

4jL jljlal ^uijall (J^ajS jl AiliJ J ^Sn^ll i_uJjll JJ^JJ 

jl cAjjoi^jjAjA ajjlall L-JJj njJj jl jial tCllLa lui<\\ l Ajjg 7. ^ dlla uj j^a Jc- ' . ' " JM 

, 2 J j^oic. joLljl JjJI abVuiib JU <jA>UajuL (Dialysis) jLiiJI j^U 

CLiLjjjjjall jpi Jaia £ ja. t^Lowsj oi& ja^jj]|j (j^a^-s^mVI dlULaC J^la.j 

.$.LaJI AJCjjJ l*JJ JJJ^ l)^^ (J**aall s«.liS jjLuj j .AjL^jVI <i»JI ^ oJja.jAll 

(jiUjuolj (-_ a^j cjLui.VI -IjS dlLoij jjall (j^ jl Ja-aj LS lc ^jjaj ClllaLt»a 

.(Recovery) o*.la£ 
i " \\. y n j juall jl A qj*q-s 4 _ s Jc. t4jjc- s jl£j ^ i " il 1 « jjjaJI ^J^Jj cJj^*^ -^^j 

^"aaJ ^JjOjuj IajjISj jli lil cJO^wa ^Ua. Ja-aj Cllli AjijAi. l jAj^a CLlULaia 

LaA 4jjj^all 4jjxaJI dlL n j juall <joUJ^)1I t ajjja«all U^law ^^-aUaj jl .l^ajjJa-a La^iLi. 



cAjjII <ui^ (Culture) LujW 

duILaLaj j!i£l jl jj-aUaj jaljiioilj Aijjauall 4jjxaJI CjLuijJjjll ^hir a t tm^ 
(j-aJlc < <J»^>" j»Uaj ^il jJI -l^jJ V J .(jljjsll jlijL^a ^l.lVuulj IaJJJ J^- 

jjJai.Vl JjSlI Lj^Li (ja JJ^ Ci^ JaLjaaII JaaJI (jfU j .4jjxa!I CjLui Jjjlll 

4(_£ jA^- '*\iVim<v ^ J .Aj_jJ«-ail C-lLoijjjill (ja J^x! (jjiLuia. t Lj i >i <i c^JLjiVI 
.SUai-a CjtmLaba (JjLjjLa. ^ <U=>.U> jll jl-imll (J Jc \_j!iL=J\ (ja ^jjWl clslajJa 
.(_£jjlaJI ("n'nmoll ^Jajoi JjijJ dlL-ujjjall ojl^J (ja jjjj-a l) ' "*j 

^jaj (_£jll 4 m II (ja £ j^-JI CliLuijjaall i>jl£j JJ^SJ j»JJ 4il . <t> II sjjS Jjuj 
CjIaJSi t taill <iljaJj (Plaques) ^cjU.^ll (_£j£^-a JC. 4jajJ jJ jLukVI Ajk. 
Lj!iUJI (ja <pU.Vl <aJall <cjli ^Laua AAji^all) .ijjtaullj ^iiklall 

Jjgii (ja j^fcll j.jJ 14 LjJ-i L^-=JI jLii.1 t'nnmo (_>aai j»JJ 

^jUwall 4 K uj rtll jajIIj AjjjJI (jjj jjjall JJ^JJ jc- Jjf ^ fAiJ t^jUi^ill 

^ jStHl AjaUJal cjU^i j=J j*71 i-Jku . jtilb (PFU) (Palque Forming Unit) 
LS lc bLojcl (Jjj jjjaU J jl JJ^J f»Lall tj^J .4Ajij^al3 <l£ mall CjLj jjjAII -Laj 
.AjL-saII i"nYim<\ll Lpli (J Jc (jjj j jjill AjjjaII CjIjjjIjI] oil j-aaill 

I g «m Lj j oJjia AAjjj^a (ja CliUjjjjjall jIjjIJ (JJSjil jjjaall (jajJali 
• jljjall ^ji lAjLukl j 4iili^a ^Jjjli- CjUjlLaba 

AjjJ^. jj^oaII jjLL-oJI aJaa o 4x.UaLail (jjS AjjxaII CllLjjjjjill jLui.1 (jl 
aLi-oJI (ja ("llmjjjjll jj£jal Inl-i-^"^ ^^all jjl <vll ^^Ic ^t ju .(-jjjL^all oLjx j sLiaI] 
ellLjjj'l-^ o UjJ 4jAl jll AjA^Xttll jU ^jJal j till Jjj ^-a lilljj ;» jSj jl i-jjj^al oLlja j 
AjC-jj] Ujj dlLjjjjjill jj^jjj (jo^-slml (Jjia oc-US (jjLuj . 2 4-alA 
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^>1) (jl ^5*^ •^■'■"b'" ^"JJ^ ^JJf^- 4 '-jL^i^ J ^JJJ^- Cjtnjdjuba ^jjaall 

^jay^al! jjI j J CiAk J&\ cjUj^ill 13-3 S jiill jhi^j -u^J^^ 

«Ual^all ^-a (jalill jjjU-o j .(13-10 cJ^i) dsLuj j jjall ^jji Jo^ 3 (JjjLsj (j^jj 
jl j 4(_5-a 100 cIjUj jl ja 2.2 cjUj jl jail jjSjj J^«-a jjW^ ^-^c- ^ aI* jJI 
L> ZJ tCjU-jjaall £jj jLu^lj .2 NTU Sjj^JI 

CjLo.jjjaJI oio^ll 1045 jLil^l tl999 <*lc- 1979 <*lc- ii-j .<cLuo24 

(jx J£ t> djikt ^A^aloixi aUa j* <Ja71 Jil 1000 U>« l£ cAjja-J 

^ \r-- t ** i^'W 1 j^'qQ AjjC- ^cjluiil L ** la l ■ ^ J *^ S I Ajjililil djOa^^ll 

•is* LS^^ C-H^J^ L^JJ^ 

^jjJjjjAujjjjjjiilj bJ jUaJI jW^' 7-3 



t " ll -~» 1\ -\ t"u1^ tillj ^aC. J .I J J-la-a JJJJ (JfT*> nil (jl jJSi (j-a JlajjVI (jl Vj 4<JJjlt J 

dj jlj oju <jjuiLi-a A -^11 t a\ a\_La iaaJ ^1 La-lic- «.Lal\j 4jjaia (j^al^-a^/ Sjjlrs 

^ (j?-" /fiJkJaLali (jj^' '"'^J (s^J J^-^ 'SpJajaill sUaII 

,J <j^alajj tijljla jjl jJJ IjluV LjJjU=JI djUJLa. £ jSj s^lall ilibV jJI 

t, '<tr-iVl<i .4_ajij^ jjc. AjaJajui aU-a jjL-a-a ^o^iuu ^^jll CllLx^aaJlll a\_La 4 <ihil 

fijWl J ^Jjoi JJ 4">/n ^jJJjjjJjujjJJJ j£ll ( ■ UjJj fc"ll Vll-^ t"u^-\ jjSiall (jjal! CllUlljl <J 
. >^>ll C_S jj>-al! sLiaj £-J jjllll ^aUaj ^ al-Lall ( _ 5 oJa jfr Cll _jHS jl jj-aSLa JJC- 

(JSuoi (j^/l <jl»J .la. jJ V J .4\c-lla]l jjC- (jjjlaJ (JJ^JI (j^aLkjaiVI ^ji aja. JJ^I j liaj-a 
ajLa (j-a aJluilj t^^jjjall ^aUaj (j^a jl 1 ^ ajtoJ <_Jj3 4 11 ■> <\ll A t\ ^»Li. 

308) 100 gal SjIc jj-Lu *.U1I ^ jjjS ^jj .(Immunofluorescence) 

,_>^a3 ^xjj JJ,m 1 Us jJ3 4jjjjJa 4jj jii (_£J (jollJjjJI (j^a ^LjJa jala (J^Li. j^a ( 

CjI nnftll j (Particulates) (jjlaJI Jjojc. ajj 44-acUI Si jill j-a jalall a^jouI Jj^j 

J jia^a ^ ^aJjataJL (jjU^J! lUaa, (jc. C-il i n n^ll J' . ^jjHj IajjSjj aJ AjaiLaJI 
^gJc. jjjfLoi — J J^J^ Z 6 ^ 4 ^ s?*"*'^ C ^ ' t^J^ • jjj^" 1 _ J J^^tt 

^iLu jjc. J^iu (jluii 'o31 > >i o ^Luia.lj ^gllaJj 44jjLs.1 4iuia nijl ^Uic- Jjla 
LaJjSj ( ■ lilaJJ 4jvjjJo]| (J-aai jl ^gjj Ij^ajj ^^aJajjJl c^JQ nil c3^1^1j (j^i^Si 

Ja jj£1 AAyj AjuajliaJl AaLklall l^jjjj djJjk CjI mil^i jl jc! p^ibj t*Uj 

.<c.jli CLlLi^jJaC. jla^aS tSllj 



jjS jjj 4^jIi^a1I (_ja dlLjjJpJI i CH 3 -^ ' ^Lall (j-a *J£^ ^a -0 ^ ^-"'J^ 

1 Aillia 0 jLjaA j»L*i.L IgXiUa ^aJ ^»UxaJI ^ (jiajJI <_L^a2 j t Ofill aJojoiI jJ 

Igjl joaaj 1 g K ujj .n-^-s 4 K i ill (_pa j;}jJI (j-a J^loll ^sJJ 'iSJi "> ^ .llJauJI 

^»Uaj ^ t"n <\^» c-La i " ll nr. ^ "dl^Ajji" (jJajJJ J <_g^ c - a jfuLall 

oLjaII j j»laJI oLaSI ^ja ^ L-llLa Ml Jj^J (JA IjJ LvjL (j^a jjoll ^JaLaJI 

^ t Lu&ll J$-lal <ULi. .LjJ^a-o (J^a jjJI (^Lvjj JjIaj (^1 J t^->lU <\ll 

.<lLLi. ^cjllij ( ; linn La t<Laj!)La jjc. Jjiao 4j9J^>laj Aaixji i_flj^]a 

JS1 (j^laljlail i«JI j Ljui^U 1623 1622 Ai^kll EPA j'jL Jil 

4^^}fi-a dlLuSj (jooiaJ ^)JC tdljj C ^ jJ J_jfui jiu jSJI (j^a JJJJ L^jUaJI d iL aJjS (j^i 

(Immunomagnetic Separation, IMS) ^ .. n l^n ^1 1 ^liaJI Jj^I ^ iVu . n 

<j ^-^>a ^Ic. (Immunofluorescence Assay, FA) ^llaJI ^hll j 

(_Pajjj t Lj&] 1622 AijjiaJI i " \ nfi Sal .AajLa 4jjc (j* JaaS jal 10 ^Iaj 
oLiaII 4 \U a jjjlai <a.jjLaJI dl^^ajJI <Jj3 J jl^aJI aLus ^ ^ jjOj j jAjuj jJJJ j^ll 
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i W . ;-i,n\l) (_£ji.VI t tu'A Laiu ^Jj LaAl.la.j ' ° ■ '-~j c jjl 10 1 

tdJj J j^=JI 0 Lw j> jU 10 —II ^Jj a^ 250 - 100 i Ajjc 

tLia.j-a La jj Igall 1 al > >>^\1 CjLuxll jj^aj^l jljjjjoil jj .(^juJall 

.(%20 <>» J&l %5 (>> <_JSt) Ajlxl] LbLlla Ulc. JjfLl s^jIuaaII (_pa jjJI lie 

JJUvj Aajgj 'U^-Jj i <1 . ;-i ^ jjc. J jl-ia. oLw djliic. ^iaj (jl Ioj (joa. ^ 

'ac-lifL 6jj£aJI (JaJjj A . ^il i j c.La]| (j-ajL^xa. a£auj .AojLaj] l^jS (_pajaJI 
JLaIa.1 (jJaikjj tdJj ^^Jfc j .A)*J Aa. jliia.VI ASJjla Ajuil.n^ j jI^jIuj^I 

.Ja jaXa jaj ^glc. 4j*J.lMI AjaJajaJI oLjaII ^ L ya jjoll jjSAill JxJ! J t '<ni^ll 

CjLm jjjaJ) AJUI ^jlj&l IjJJJ^t 8-3 

^ jS/l iajiaill j«a jAij 4jJaj-a>al! Ljjj'i^lll Jj^aal «iLa]l (_g jpa a jL^I (j) 

(jjSJjj (j^Jj . A.la.jlj.iJjj^j flll Ajfrjill jJ^Sil Aj-la-a Aajjla 
."ojJjS t ■ lllla oLi-a] Aj^jlj^jjii-aJI AlC- _ai]l JJ-i^il CllLjajx-aJI J _&a. j 

(jjjLsull Ajaj^a CllljjI.SijVI j t— iboi jjjiillj (j^a^all Aa-LiaJI LjiiSoIl A)jla-a]l (j-aj^illi 
t_lLj*ll jli t*l]j (jfr ^-*ia3 .UjJaij ^jljjll L-a£ U JJC. Jj^ jjll jS-aJ V La j-aC-j 

^fl j3jJJ j .L_aiii^a (j^aj-a-aJ (jS-a-a J_a^-!a ojjjjJalL ^ . X'l'J La (j^ajAAl jjLJI 
j\ Lijjjj ^3Jaa1I L_4jjiSj AjsIjaI AaJ^Ls oj^klj AlAj<a jjljS jjl a all ^-.h* ^ 

^ta. jVI ^jic ^ jjj . J^jill ^3 CjLuc 4 (_gJj 1 a jJS Jjlj^J ^jJilj_aJjmjJJJj£]l 
(JSjolJ V ^ laflJ a (JfLuoJ AaJla-aJI jl ^\ «.LaJI jjj ^aUaj dlLjaj-a>a]l (J _ai.J 

(jli (AjaJajoJI oUaJI J^b] ^aaj V ^1 j) Aj3 j=J aUall AJU. ^ j .A^laJI 
«.lja.J (jj^J ^^1 J Ajj*-aJI tllLuijjjall (j-a fllilLa ^l_jjl VLala.1 OL ^-i jaaII 

(jjiall ^JlSJ V • Lj L^aaJ ij^aJ ^ji (JjaJluLa jl i^^lafr jjc. Ij-al lA.lj.laa] djljlila.1 



jliii.! J& oU-all A^jJjJJjjSjLaJI 4jfc jjJI JUjxj t_slijaiVI o^-lj .<LaUJI 4 ^ >^ill (jljau 
. tlLj jl j£]l Ac- j-<^?-a 4jjaiLail ojjj-aJj t^Jl^l! AjJajA^UI tlLajjJaxll 

(_^j*a3I jl g ~\ \\ WA^J^yV' ^ (S " CS"^-9 jljSlI LjJjfLdl jq") > in 

Jojoi jiaJ 4 jLaJI ja^JI till jij __>j1JI jl JJ SJJJ^ jl^CU J ^^all 

/AjjjljS (jjjLa 3 A^JIxaII jjc. (—Sjj^all oLl« (J J^J • _J*^/^H_J^ (jjA* 50 
j_^al^a!)U 4 nmrtll (IiUjIjjjVI J tlLuj j jjill j 4jJ3^)aa1I LijjiifLJI (JjllJJ ^100 IXll 
Q ■T"* uj (j<a 4jjl^)j]l tlllc.^)Ltt]l jAj 4<ja»sj jA> ^><\\l (j^i (jLauVI (_gi Ajja-aJI 
IjLiLoil cllalS l^lxa. ^>ii*j jl^jj tlljlij 4jjla]l oLiAll^lxi. (jU Ajlc frlijj ' . ^ ■ " 

.Ajj jJ jflll Ljjjj^jII J] 

(_>Al3 AjjjII j «.Lall ^ oJj^j-all tlLijj]ja]l A£.ja-s <n (jjlj^l <_>ia*J Ljila (jl 

. tlljljJaJlj JjIJI ela-al AjjjJaC .il j^s Jfr IAjjI£jj L/o j-aj Jl I j}al ;Lljl^>J 

j;Ullj .tllLiajAAil (J^'K .n -^J^J (Jc- ^ J (_S j'^W t — 1 cs^ - < ~- J ^P _^J^I (J-^ 

jail IjJJjSall <_£ Jj til jjILaII til jliii.1 ^ AjKII tlLj j] jail ^clLu^a 
Jc. Ajjl^ll tllUjjljall gUaj tax (J-ljJ .(_J^p.VI jjU^a-aJI j AjjSJIj jl^)^l (j-a 
UjjjSJI Laj>aC. ^>ii*J . jLaJI ^1 tllji jl^)J (j-a jl (jLaU^I jljJ (j-a 4_aJjU 4_jjj]j2 
.<jJaj-a-a JJC. ^LuU^U <_£ jx-all jl^aJI J jSiuU ^^11 4j jl Jill 

a — « jlLa t^jLuj — 5 — JajA* aIu^i — a t0157:H7 I^jjjIiJ 

(3^1 j^ jyj •Ajj^LaJI (jbtiaa jl^)J J sJj^j-aj <1 jalaj Mjjj^JI tlljUia-all 
j_-a jL^VIj JlSijVI Jfrj itljUl ^UJI i.nkBj ttljXaJI JlA\ pzA JiC J\ 

fL_c J 0157:H7 J Ulij^^U ^UU J jSiJI jl^ jJI ^iaill jSI 
jjc. Jl^JoiLi c5 j^*il i"iiu»n j .A-ajaij 2000 ajSk 1987 

L_ajj^all sLiaj f.LaJU jj(g V'lll tljjj ■ - ujioll t_ ilui (jl^j .tlljaj ^-Jjl Jj LiJaLa ^alj 
.oUaIJ c5 joUJj1I JaaJI tl!>L^a j ^!>L-aJ ^Liil 



u Sc. i?\ all LlA^ajA* j j ojLi]£ <jj jj jail UjiiSall j-<u*j 

j o 4 ajljSI llJ J3 jll (Jj sla3 . LllLp jJ j£SIj 4j jlLa dlLja^-a-all Jill AjuIaaJI 

£jl i. $J j a. jaII dlLj jl jSlI j)C t*113 4jJaj^all LjJjSullj AjL-aVI 

Clll c J1L <±Le}\ 2 lul] jj^a'j^ill jli |3J . jLud^l (JjJ ^g^jJa^ll jlg^aJI 

J uil jljjjllj CjUjIjoj^/I dll Ul jlj^S' (j- 4 ^ cs^ - * JJ^^-i 

J jS C5 3 Jtaill JjKll UlL j£-«JJ V Ja !)&a3 j\ jUI LjiiSUll ^ ji^l 4juLm 

,\l*Vi J AJUa JJC- Igil US lAjja-all CjLuj jjjill jULall jjVl .laVl jl iLjjlSull 
JJC- ^Ixujjll (jS>aJ Ja tjjjaSiaJI Jfr t<jjj«all jljjjll (jiajJJ jl ClAjjIjOJ^H t"ll "iJJ^ 

3 4 J 'j;^ JaLuojl jiC- jl t'a jj'n a Ail,>.n,<\l 4_jLaJI AjjLall JaI j^ll j 4ja_nla]l <jjj1I 

<i->^» t - 1JmJ (J^a j "HI^H jUa*^aJ (jl tjt J.nl'sH jJdillll JXJ 4_aJl»-all <.* \\ \-ti t\ 

3 uitj A ail» all S-i*nSI sLiaII <La!)Ljil JjjJ jjIjm d )Lj _jS _jall j 

LaJ ">JJj (j-aLpl jfljS Ijjii-) ^jvHjlaII jj ,n * nTl jl ^JaJjj^ (_£jjuull g li I 

4aaL-a_JI ol JaII 4jUii SjjlSJ Alkali i j*ll j (jia jJjll j CjLaUjllI jLuV j 

J uija£ CllUjjljslI al .laJiull j£-»J <gjLjLa 4jJ^)IaJj .LjJjfLllI <J-^J <— iLulJJJslI Aa\"\ 

\ JjJA L_a^j^aJI oU-a ^JUu j! AJaJ^ui oLuJI ^hVu.il SjlcV *UJI ^-J^ 

jlj Lijljjja jlijjJI (J^sjajj ciAjjIjIj^! CjI jjS jUuV ^-^jj jl j j «ft jpiJj jlj 

.UjiiSall Jia j CjLoi jjjsJI JxoaaJ OaVl <ljji> SjjlS tilli C-ltoj 

j JC. ^ j (j^al JC-^ «.Lall <Jfrjj (J^A^ < — J ^ jSjill jU«-a Ailuil ^Lui jj jj 

j a ^\ jj j__a \jJJj£j]l ojA jj^ jjJa _jj JAaJ 4(-_lJjaiil lg^a),^"uii) 

^ SI Ail Ja\ jjLJI ^jJI Clllj dllil jjpJI j^a J AjjjJI j)A J jUJI ^jJI Cllj Clbl jj^. 

jjL^a aSI j-a lj\ Jj Ajj> I-iuiSI sLiaII djljjjl jail jj^-ii jla i^jjxkiW jljjSI 



Cil jl jjs. j tjLai ay I c_tSL-. a j-.__,a (j- j__! t_l JL_I J <j_VI <!£__! 

dlLijjJjall (»b-^ _>* ij^J (J- 3 -- j4-_>' A_>?*J f^JJ •AJJ-H j' 4cjJ)-a]l 

(jfr 4jjj_u1I LjJ__JI JJJ-aJ (j-a (j^-oJ 4_J^)i_ j-a La 4_jl V] tt_sj_ll JaLajl j-a Ajjl^JI 

A 3j3ua ts ifr 4jjl£juJI -^jju_all __ lllj _j]j_ll jl±--l aIa&I _a_«_j jJ-»-l Ljjn^jll 

- U.-.N A\ cjLu j] j__ 4laJ3-<-l j_l__=u_l J&1 4_jx„ j AjjIJ ^ j__-l 

__tu jlj_.l 4e jax4 ilil jb_aj 9-3 

\jji_LJI 4_jI& Lijn^jil qa &___!_« ja diLujl jill <&j<i-> <i 

.^jSl^jjjiil ja.^in <^_5I j (Enterobacteriaceae) ^bjii^jjiiiij 4jj*__I 

4j1i___I 4-_l jA!)_Ij <_ltjg-l ill -- _o_ I :__lijj]j_ll <& j_a a] ^ __ I _l j»_llj 

^-a (jaljjlLj jj__iUI ^>x__j j l&l jjI V ^1 j (Gram Negative) pi ji-l <J_- 
• 35 C ojl.>*> ^?>_P A£.Loi 48 Uj_a 5_L___. Sj_a _DU. cjlc jj-^j 

(Multiple-tube (-_ jjjVI -_*ia jj-___I "Luaj __Lu _$] jlll l_L___ ^jj.'^ <-l l3j^' j 
(Presence-absence t_iL_si]l-_j__*.jll ; L_i__ iFermentation Technique) 
4_L__j t (Fecal Coliform Procedure) aj J __Ljjij<_! aLjL t Technique) 
yli LaJj .(Membrane Filter Technique) ^L-JJI -^_s Jill Ajiaj _J 
- 1 (Standard Methods) ^ J -_Ul__oyi _j>_ j tjjUl <>_$] j> j_ 

tojJdS 4jji__a C_l jjo"' C-LujJjill t <Jji__lll C_ljl±__VI «-lj=>] < .^"'J 

4L_)_UC. JJjlj3j t Oll-a -- j tp__aj 4(_>_w_u_l f.\ J^-SLj fj--' UJ^ --^ cs^ ^ 

i4_i^_^j]| till j_VI ^jq*"^ j-wLuJI c.lj$_L aJ___II p-__b-0 . JJ-___J (_jll->l j 

jj____ll jj . __jIl_u_I JJ i ^t>"i (jW^ 3 ' J '"'^^ mllj tAc-jlill t"ll'n»\l JJjIjSj 

£-1jjVIj LpUJI J^l t_i«li. i Act- s__J 180°C -160 sjj* ^L>j- 

.jl__JI >>i Cl__J c_SJ____l ob-aj dll yVunVI JaLuijI j-i-a ^___LoU .AjJjj-O-all 

J_l*j I_a j 4 15 Psi oj-2 j^jj ______ c___i 15 min s___ AuLa*JI ^_i_ jl t^^j 
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hzji^u* 120 ml ^ cjljj ^Ujll cjljjjlill .121.6C t>Jj^ ^Ujj 

dAala uJI j ^ijujll ojlja. djL^jJ (Ja^jI Ajjailio 4jjlaJa Ajiafrb oJjjrfi (, ti ui £^j 
Cjjjj ^lail jaLjill eljfrH-J <?JUcx> iSJ^ 'SU^' L>^ '— >^}*^ L&l 'LaVVunall 

p'<t* a Jill jj£/Llll jl (j-a jj» j (3^3 J j-« 4-^ _jjouI - laJluUj .Ailxll 

<^U. JjSuij sicV L_ijLail oUiLaiVt IiLuj J .(Bunseii Burner) <jjjj 

JaLaijI j2jjj j .4jj(; a\\ dAjjjJaxll j-aj ^Cli lilljj 4jj * ^-iC^UI j 4jj > >i» \l ClAj-li-all 
jj»ktn*<1I j ^ > Iojjj .UjLaj j3jJ-a ((jj^ " lin (J^*^) pl-all Acjjia dll n"unl 
.Igiija. UJ"^ U^J^ CS"^ - Ajja-uijj j)-i'<U £.La ,j l^la 4jjjj-a 

Ja ^Jjtlall 4jj jl jail LjjiifLJt IgjS Iaj tAjKll CjLu jl jail Ajjjjjll ajlA jliij 

^^all j 4_ijl jjll dlLu jl jiill jiIVi La£ 4(_£ ja.1 jjL-aAj 4jjj1I j jl Jill 
Ajjaill sJiA j . jUJI ^11 dl jj CliU joaJI jl jj J ^jjiill jl jail £y* Ajptla Ajj jl jS 
Ajjl jail CjLu jl jill j Aa&ll CjLu jljall ja *^tS AjSjjj CjLuiull j&l ^ 

Ajjiull eigJ £jLill ^ iVimVI j .AjaJamll oUaII j i_ajj^all sLa ^ Sjl jail ^la^iall 
^joia iillo£ j tdsLiijl jill JuIxa £a LS-^J ^?J^*a5I ^-Sj^all oIia 4jial ja jA 

,#.Lall jjjIxa £-a Igjjsljj j a jaua-allj 4jjlaJI oLiaII 

ajKJI cjUijlja]! jcj i ^jp^aJI dj|*l j=.VI 9-3 Jiill j^kj 

<jjjju| CliLjLa. (jc SjUc JJa^jII L_ujlj| j .Sjl jail <La^iall Ajjl Jill cliLjj jljill j 
lOj^all i^isl\ jac. jill Ja ^Uaij jl jjls»-a »1 laiu (3l«J jS/ Aa^.la.j 
AjjlLa o jjt i t_ujljl cjaiall t_ujljl jxu >i ^a. jj c(__i_ojjVI <Aj3 (^1° (30^ 
>( _^jjj£all _a-aill jc ^1 jiall jliJI ^-aaj Clll lHuil JaL-ujI j-ajJa 4£.jjJa ja 



tllj^J jjJJJjJ Jjjji Cja 4-lKJI dlLljjl jail jliiiki t*ll n"unl Jsluij (jjSi) 

(l_uLJ! jlui) jiiSV j jiijjjj tjic jU (Lauryl Tryptose Broth) 

(jikjl j jjSlall JjLJI LjLLj i jaJ! frLaJI Cji^Ja] lili .Ajj.J-ir.V AjOi-a 

jblkVI "jli i^jjuijll Sjja. 4a. 95 F) 35 C 0 jl ja. 4a.jJ jlc 

UjJJail ^jS-aJ ljLla.1) . dlLjjljslI ^jJc. 4il»JI eljla.1 (j^J^J ^jl L?l 'cs^^i! 
JjllaJ ^ » a'K ^ jaJJ Ljjffijll 4c. J"?' jl ^1 jJ^U i£ a 4jjI '4^ jiW 




iUxl»ll Ajjljoll LjUijJjBj Qil) CiLfjjljiJ) jjJioJ JjalUI t,ijjft! 4oj&J lakLd :9-3 Jii 

dil jj dllj! jaaJI jl JJj (J^>jiJI jl jA\ (j- 4 Aiillall 4j jl jjll dsLj j] jill jajj 
4-ljla. j dlj^)J jjJJJjJ jjjjjlllj e.ljcj JaLuojl EC) EC JaLujjl jLaJI 

c^4jjjJaC-V dl\j.}i-aj sjI^aII ^La\ qa ^cjj-aj tjjjfSUI j (jjjjljoll ^gic 
CLiLa.jJ i - 4jLjaaJI o- 4 4cLjj 26 22 ^1 ja. jlc. j i-^ln^V 

4*£ jj s J j*JI V c^j .(112. IT) 0.2 9 C ± 44.5X <> * J J*- 



AaJilill j-a Cbj^)J jjIjjjj cJjJjJ ^-S _»bl (j-a ^^-alb"! j? 1 -^ U* 4 * J-'* ' a 

t(_i jlLJI t_i jbS/l ^ -^jlclia '-'^^ j] jlc. jpUail ql .EC JaLoijl t_i jbl 

jl£ 4 jlc. jgJaJ £jls .4jjljJI dlUjj] jill J ja. j LS ic. J.li Lttji jV^' J* 
ua. jaJI jUlkVt gi 4j jl jj 4b j] j3 Lji&J gr^W ^.jJ V j ULua jLikVI 

a.l}*ia 4-Ujljl ^,\i n\i in i Liaiklj ^La 4bc LjbfLJI 4ilj£ JJ-^j (j^baj 
(MOSt VlaU J&Vl aajAj <IjljlaJI A^ibll .Xaiu j .jasuJI AajJj J.ia3juAj 

<LjL l^jc jjjuj s j^jJI aJUu^VI Jjl^ ^ Probable Number, MPN) 
r !.iiiJ (MPN)ji^ *«SLSiil M j^V 1 -(MPN index/100 ml) 

^UaC. CjI i <Laij*-a ( biaj JJjl j3 j iO.l ml IAj-53 SjUjj 'ajjla-a 4-aaa-a CbLa.Ukjuj 
J£ (jj^J L r J ^^' dllc j-a^-al ^JLLI LSj^ J- 0 ^- J t^La 99 ml (_g J^J (jjia-a 

1 SaJaa o 10-3 JfblJI J(S "jj ■ L - J J J W jj^J JJ^ JJ"^"' S-^A^ ^ ubaa (j^ W^ 4 
ml l$-bi (JS jJfl 4 nt \l (j^s j^l <_Jaii AmLx^h AjzX^ui ^.ikluij . jlb\a.VI CliljjjJasa] 
^Jj 0.1 ml sj^a jliu £}jjJ tSlli c^Luo^kJI jxaijll CAubl (> J£ ^jJI 1 

j^aVl ' . ilWn t^c-Vl < foVill j .<— ujU Auu^i (j-a jjS-aJI ^gjljJI ^alall (j<a J£ 
ti—ujlil <jobaai ^ jj^all tlillilll ^ijalt (J Jc 4jj*JI oL/i (jx 0.01 ml jljLa ^jj^ 
t sis^'i 'ojjjls <_gi AjjxII (j^s 1 ml ^-^J tdJ^l .ASAj 4 i ^><i (JjsojoU 
AjjLi. 1 ml Uj^a JJ-ALa *q*=la jVl U^-«J .^j-aJ ^Sa-a sLw (_^a 99 ml (Jj^ 

^ai. jjLall iliHill ^J] l^SSj j ^JsuJI «.Lall 4jj& ^» 0.01 ml ^ic 

^jSjJ .l^juoij t SjJjlS (>» 0.1 ml ^iiJI ^gJ] Jib Laiu . (^-JAjlif 

^Ul ,> 99 ml <^lj J jVl < ij^'ll s jjjli ^ 1 ml Jab ^jii s >kk aA**}\ 

<^.lkjaJL Jib* Jla 100 t ijflAJ t AjjIjII ^jjaiall Sjjjla ^ Jj^jaJI 

oJ-aJ 4j) i >>^> sjjS ^*Jj .(JjjJIjoJIj (j h <\1 II jaiiall o^A ( ijq^'lll sjjls (j-a C-lj^' 

Jaooijj tt-njbVl ^ jliil tpUajl jjlkj c35 a C sjja. cb^j ax-Lu 48 

l i i\, 1 1)1 ai»4."i\ l J<\ l i ill -~- <"iN(-.1a'i\l j y. 




^ill^a dAc-jo-s n\ 4j3 jjjl j . ,-Vq\l JjO^JI j (MPN) 
sJUfcSn j^o d 3-2 J j^aJI <> tt_ujbVl J^tl* A.nl»\\ j gjlijil 

4jjfc f.\ jj fj j=u ^1 A.,masA\ JjL*a! <>» W^Y' (jlj (jJjVl 4j^I 

cljjjUVI <y <i«JI t> Jal CjU^ <* io wi.nl jlj .0.1 ml j 1 ml j 10 ml l**?^ 

(-uW.nl "jli . J jOaJI ^gi SJ ja. jaII 4jj=».7I SafJa S^lcJ L-jkjjj pJJ ^* '^*J 

Jllol j£\ ^1 (MPN) AaJ jjSloi 0.01 ml j 0.1 ml j 1 ml 

ml j 0.01 ml j 0.1 ml <i«JI cjjl£ jl U .JjA=JI ^ sLL*JI <*jS1I 

tSLSI Ij&k j 4 J j^aJI ^ a^ja. jaJI <a}SJI Jla 100 ^ tJ?-^ <-« 0.001 



.(MPN) (— iLuoa. ^gk ^MluH <_fi jxji l^la dS^U ^cjtij (jU dlliiiaall ^a A^jJuC 
f.\ jafyl ^ AjjUj] Ip'to dull CjI Likj t5 ic! ^ alijiall ClilajikjJI j 

AaJU-aJI Oxj *Lall£ jn^ul ^jjjfLJI j")^ all tlllj oLuJl JaSS j ( foVn 
tlllc jrt>^l Aj3 jj jl ^ j , aall Jj^aJlj (MPN) AjjjS 3-3 J J^?J1 Jg hjj .AjjO 

Sj^^a^ Ik ^ (MPN index/100 ml) 4±J uj -10 ml UjJ 

.23 1.1 JU- 

Ail > >i <\\l t"il j<^\l f&juti olj-a (j-a (J-a 99 L$J^ *■ t^fl^' J^J^J^ ^jj^ 

1-3 Jli» 

tAjLoiLoail tliliitoaJI 10-3 JSjil! J^JaJ .4jjLa jgi oLw Aijc ^ Ajjljjll 

jjjlil^VI !K3 (MPN) 



■ ■ ill] j 4^ji*±. Jx^al Qa AjjUjVI Cj^Aelij]! J^C 
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c(MPN) Sl2Si*ll *2Bl3il oliji^II :(MPN) V s1 ' ^jljiM 

jliic.1 jjj (2-3 J >^ a* ^-yj^' ^lij .0 j 1 j 5 s-y^' 

( *JL£j Oj 1 J 5 fJiill ASal >all <i«JI *t jl jjl] IjJajj j^J -30 tAilaJI el 

^ .1000 (MPN) 0.0001 j 0.001 j 0.01 

^j^j 30000 £l£ ajKII cjUijljall cjljUiiJ Uuluo Jj ^> (MPN) 
^U^l JSVI ^1 ja (MPN) .120000 -Slj 10000 -11 %95 jJUS 
JJUj J£ (> %95 J <ja>j^U ^j^aaJI j jo^JIj t> 100 ml ^ 

li& (j-a^a , jJij 2^^. j £jj C5 Juii 4jj«J| (jaij ^^Ic. alaiall (MPN) 

JAc ^ lj 4 4 .5 i\3ZJi cJkjj&'yW :2jjljJ! oLujJjali (MPN) 
700 aw j2 AjSjSj j j^a. 1700 (MPN) j .10 £kj ^ > ^i 

•4800j 

aL^Ijj jiL-Hjljil) jIjc^ %95 _» Ajfljij jj^j (MPN Index) 1±J :2-3 JjJ* 



0.1 ml f 1 jaj ^-^j i.o ml f I ja.S 10 ml * I j*\ 
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American Public Health Association. 20 th Edition of Standard Methods for the Examination 
of Water and Wastewater, APHA, 1998: Section 9221. Reprinted with permission from the 
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gjUiU AilLLa £Mj& jaJ %95 -J 4i jj j J j (MPN) AIjjS :3-3 Jj^ 



*£AjB ^ %95 


(MPN index/100 ml) a±J 


LuLajl !ilc.lij 
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1 3) La jjoai (P - A = Presence - Absence) ~ jW^' gjWiun 

.1 jL^a ^ jLjj Aiijl jail LjjjSJL (Maximum Contamination Level, MCL) 

^jisull Jc-lij i—alajjj «.Lall iu^il 4_ialSi f Jj- 1 J ' ^ l — >^AjJ^ O" 5 mg - 15 

<ijxSI ojjjla jtjj jlii^! CiWjaJ l^ii .jjKll (>> 10 mg/1 AaLja] <>• gjbll 

(JfLoL) lIiUjjujjVI ojjjla #.UaC. jlxj) j»JJ .^iiat-a (jjla^ll j| j-a j UjiiSLJt ^Jj^aJ a jib 

t>a L_Sjii Cjbji^a SiLjaV *LaJl 3jJC ^ 100 ml 3iL^aV liSlj j jjia-a 

® 

LaA (jjU-aLa. ^jJjSj-aj Ajjii^J CjLlii-a ^^ic I "°uiK\l 11a LSj^} •Colilert <— L3il£ 

(MUG, 4-j ONPG, 0-nitrophenyl-|3-d-galactopyranoside) 
jj^jj J jaAj jjilll j tmethylumbelliferyl-|3-d-glucuronide) 

jSLJ IDEXX's jS jj Colilert®) .^jS UAo^jj SPjljSlI Lj^M 

® 

.(Defined Substratum Technology £_l JSil s*l jj ^ 
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® 

p-galactosidase ^sjjVI Colilert ^ <^Jjsl\ Uji£JI >«u ^^a^ t 35 C 

j^JaJ tiU . jLl^sI ^gjj ( aL^a (jx A_j-iaeJ\ jjl JAWJJ ONPG (_>aJj pjij ^ 

s jjla djl.ia.jj MUG —II o±H p-galactosidase ^JjS l^j^VI 

jl-Waj ojjlall) jla jjlj 365 Jj^ 3 mVnll (JjS <UjjI jijli 

iJjLuJI Jjllj l^j *(^>^l jl' -""i (j-* j»-^j^l ^IxaJ^I ,_>^aU^aLal (j-a £cjii Lf^J* 0 
Lj^joj^uVI <iuuJlj ^lakjj jliii.VI (jli (JjjjS '*JJ^ UJ^ jij^aVI (jj^l 

^1 j£ Ajj^a J-iiluL (MPN) <_y^j Colilert® J-iaaJ jS-aj US 
aLw 4jj& o«j .^jS UiujojiuVI j CjLu j] jail "a*! (Quanti-Tray™) 

sjjjli ^Uac. (P-A) CjLaLJ Sjjjli Colilert® *JaJ jj 100 ml UjJ 

^aJ jJiaJI Cllljja^aJI !>UI C^^jjljS AjUi±j*a 4 _ g ic- 4 m II t ■ iSjait j ^al* «\ (JS »i ) CjIaiIuiVI 
• 35°C ajl J^- 4cU 24 s^aJ Ai.iaU. ^ Ajj^all £jJa .Ajiu^all (jlc.1 

(MPN) ^jUi 3 3 JjP»JI -(^jS 1^jjj£$U) ajjlalti 

.Ajj*]| ^ 10 ml ejjs t-j^- Ula JS l$ ts^lj _>^*JI jj^^^I CjI jjaaJ 

2-3 Jli* 

AaKJI dlLj jljSlI (j* J£ .Ipa^l AjoIIj 4aiU^a <Ia^a ^ £• jUJ (jilill jjikl 
jjlujj JjJJ^ (JjUi iSj 2 ^ J.!* 1 '** L r 1 ^^l * JjjC- * " n't Vi .4j jl jJI dsUj jljall j 

•35 C s jl j^. tiiaj ( Ti . ^ j 100 ml ; liic- t>> jij jjj 10 ml — j ^-ijjj 
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ajl ja. Cjaj i'ii^'-s j EC -kjoi J c5 jaj J^aivJ LJJjlJ J) 4jujV1 AjjU^V' 

Lt . jit tpLki! ^LiVl t> jLjfl j^l 22 ^uj .44.5°C 

Ajjjj J jia. <Wi ^ La ?4j jl jjll CjLlj jj jail j AjKII tilts j] jflll (MPN) j3l jS 

?ajJ| jJI cjLp jJ jil! %95 —31 

djLjj cAjjUo] clL^lclaj 10 (Jj-al (>« 4 (jl ^JJtjj 3-3 J J^=>JI (j* 

t c£lcli2 10 <J*J 2 j ^ .(MPN index/ 100 ml) 5.1 AjKJI 
<_5 y^&\ J j'jaJl (MPN index/ 100 ml) 2.2 4jJ jJI CjIu j] jal! jj& 

. 8.1 j0.26 AJ^jll 

4 alia a »Lm j 

UfLui liL ^1 Jjli .(jLucVI La ^^^W ^Li3 jJjall jLui.L ^Uall ^jj 

jl Ajs^u IgJuaa. >1*J IjjS JaiaJ 4<cLoi J^li. Ajjja-all AaJjuoJU e.±A\ 

JjUl kaaij (jJ-aS^I t>jSI j .10°C t> JS Sjlja. <a.jJ Caaj ^£ jjOiua 
<__ia. jjj jj 4j*i^m\l t"iW,nV'i\l l_>^}jJu oloxi i " il nr. ^jjluij j .tlilcLui 6 jA 4j c^"""^ 
4 11* \\ £-^J < . >a>J <ULaJ! 6.J& ^ j >( _£ j£j-a ^)fi-a (j^aUlU jl JJ^jllj IgJLuijj 

.UjliLkl lI^ AcUjj 30 J] lL-oJ SaJ ojUuv ^ ^3 
^jj ^La, j <c OJJJ^S t-ljjjoll aLua ^jLucV *Lja.j j-aoll o jj jlall (jj 

4jjC £-aaJ 120 ml ^liJ till j j j jla-a #.Uaiu eij 4jJaJjC- Cjl j 

(j-a 1 g j <\ i ^-i Jalii £j^aJ 4iL^aj £-a ^a-a ^ isjjjlSJI ^a»J .lAjLua-V 100 ml bejjS 
. C5 SfLaJI jjJSlI ^ 15 mg/1 ^Li La jJJaa] t*lJj j SjjKll Jjjj oAjh 

f.Loll Jaij J _4J^a _4aS! 4-aJliJI Jai. (j-a is jjllxa «.Lallj J jjj 4<ii.ldJ Ijjb *La (_5jaJ 
4«.Lall S^paifr ^'jj C5^ JAjl j > ^ill t ■ UaJj ^ir /uj . ^jl S i n\l ^aalll (jjiJJ^)3l 
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jAlLu^all j tt_Jjjaiill (^-j^J ' ' ^11 J tgJJ^ »<-ill j iClslil j^JI j i llAa ut j all j 

J laJL "I (j-a tlj'V Ijjj . j]l jjjl j sLL^iaJ oJj^all jJjLu^all j 4ja!iLaJI 

c*llj (j£-al (jl <ililall jj-LU^all flli » r-> a (Jjl tj^Lui aLi-a — JjLl aLba Ja^Lk jjJUr-i 

JjoiarJ JjLlI «.Lall J^lj j^Luill *.Lall Jjic-I jaJ j.)"^/^ "a.lal jiLaill eLall Jj 

Jjhll «.Lall J j ttl i ail <JJ jj''' all ^jfll 4jjxll ^"T* 1 t ; Lull Lall JJ. 1 ' 1 ' eliiiljj 
JJjli all (Jjlc-I .eLalL) aJJAjlt Jak t i_sl£ (j-ajl < — 1 -^ j' ^ t— ll.i.nlj 

iLjjla 4 jaaJ ^gla. <ali-a Ail*ll Sjjj15 (jji .4jj*ll jti. j eLall t-jLboul I Ljj^ll Luj^. 
4-aSll s.|jA £ I j3 £0 j L^ajfr aacla ^pa. ^ j«U^. jjjj) ejjjllll ^Lal t»l kxll j*i 
«. jail ^. u ia. (_jl (_>uLa4J ^Lajaill jl l^jows ^JC. j-a Aiutll ikl <J!iLi. j£tj -IjjS l^al&l 

.(_pajS/l (jlc plkill ^ » aJ Vj (j jla all Ljlixl jl Sjjjlall jl f.\ Ltkll ^^Lkljll 
CjIijjui JJjU-a ^r.AuU ^ .^L>L>jll £cj3 Jj3 lgj.li jl 

Cj jlj jjLjJ (j?Ll t_jUj_a3jillj l-JJjaill aLba Cj jlij 4 9,U*ull "LajL^ll (_£ jj^aill til jlill 
.4jj*J j^Ll j-a (Jj3 j-a 4 m \1 j jj-aLa jjc. 

EPA (JjS (j^ 4j ^g^aj-all iliUi jl jill jlili.1 ^-A S- 1 ^?*^' _ J ^ tjj 
<C ja^aI LuUjI jLiiiVI jlS lili K-Jjjill aUJ ^.jl jjjjjIiU AjSIjaU 
jjjial Sjjlflll (jib 4iaJ jj (P-A) jji ji-aSn jjlll jlfi^l >jj 'tljUj jl jSH 

.^j j£ Ij^jjjii'VI (j-a dlLijjl jill j-aj (jlS Ijj La 
jjjIxaIIj 'ojIc- ojjKII j 4JJJ^J! 4->\U «ll J*J <_ajj-£all aLi-a (jSjj jjL 

jl .100 ml l£ ^ ^JjJ ^jlja 200 o- 0 ^ V^J^J^JJ^ 1 

4jla.^a jj^j i-jaa. l_J jjiVI Jjaia J^aaJllI Ajjai jA lillj ^ JLaLaJI jLui-VI 
JjJjJIj .h J JJB CjLu jl jail 4jjU11I 4ak^a ^ ^ Lai^ U^3| CjLu jl jill 

. ^gjl. uudl ^jJuj-all 4jjkj jA Ajjalll aJA (jfc 
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^uiijilj ^jjUajSJI jaxaulL AJoHfill A-y\\y n\\ ^jjj^all oLus (jS JjL 

Vl j 100 ml ^ J^JuaS 4jj jljS 2.2 i>s JJ^i J j^-j f-iau 'iAc AjjjA iaLui jL 

jA £jU ^jUikYI ^ij^V 1 uj -100 ml l£ yi 23 ci^al! jjUjj 

.100 ml l^aaA 4jjc (j* 10 ml — : 
.la. LS ic t**luun) ,13 (_g..1uia, (jiLft^J j> <ajj (jill .nViuiVI clllij jljal] 

.100 ml ^ <jK <iijlja 1000 j 100 ml yi AjJjj a^jS 200 aj^ 

j t_l jjjVl .l.l*lLa JJaVl\l nill 4jjLli.VI llll«.l jaVI (jj 

<jjUai£ <|jJaJI c«aa-SVI ^Ltia.( 10-3 

jjj&il Ic-j^ jjSVI Jjaiall jA BOD ^\ \<nfi i$ J^aJI m^Vl £^£^1 jj 

AjliuiaJ jlj .AJcli-aJ! 4jjjJa*ll i—fi^j^all alw jl 4jj.laJI ^jjj^JI alys S j3 
bc.U£ AjjSJ j all clsllxa-a ^gJJ a-ljl jll <_ajj^all diV j-aa. ^ (j-afL 

dlU.Ljli.1 jj^J BOD jUlkl - v^,„j tdlj ^Jj AiLja) .o A2s 4aJlauall 4 J^jj 

J j.la-a jjii LailJ .Ajjlall aL-allj ^cJU-aJI ^jjj^all sLw ^Jol 4jjila-aJI "i^Vl 

jl ^1 Ijiaj (JjLaj jlla (J JLu jja ui^bll Aalxill Jjl-laJI elila.liia.1 jliikVI 

(j^i Salla n ^-aao (_Jj3 j<a 4-a^kluiAll (jj7» ui^VI jA BOD J 

^l—Sjj-a oUa 4jjC- AjjjJaxll a^Lall) 4jjI _»gJI "a-ljaiSV! ^ 4jJ^-aII CllLj. ^it\I 

£jJajj .^La ^aLa^. jl 4jjIjA A u >il ^ >i 20 C ± 1 C *jlj^- ^-J^ 1 " 



174 



AiLja^JI <_£>U. BOD SjjjVal Arnn J AA jflll (jji jjAj^>3 ^ jl ^likoXi 

Aaii-a oLia (Ja 4jgilLa l— Aja£ £jJajJ . c.Ia]1 i_1JjujJ £jIa <jA j-^ nil ( LiSaj] 

sLa ^Uij ^ .(11-3 300 ml I^Ixjo! BOD djljjjla ^ ULu*a .axa *Iaj 

OjjjK t^jjjjxAll lIiLjjjjS '(pH 7.2) dlLLo jill ^ja jJala (J _lc. jLaJI I. i\k\"\\ 
CLiLijjJaaJI £jj ^jj .DO <-Jju3l jja i aS^U niklUaJI -IjJjK i ^jOjJISJI 
A-jjg ■> a CliLj > >>r. tdljA (jfL ^jj c^j^>j^a]| ^ AjjjJaxJI j! jaJI OjoiSjoI Ajj^ 
.^jUJI fUll (JJ^JI JcUSlI 3-12 4JjUa1I £tlajJ .cjjj^al! sLa 4Ju& 4jal£ 
(j] .DO J^JJJ ( ajaa^II eLiA j»J^J 44jjjJa*JI oJLail jI-IaL <_a^j^a]l sIja ^ jSJ 
(_j|jull jj-s mSVl (j^aL-alal AiLia] Aj^jJaxll oJIaJI Q^al jA ^jjaUJjll Jc-lilll 

^ajj .ClljMj Aj^La o^ljj ^bjjj UJ^J^ JauoSI ^gjlj jjjajjj LljjSSjIl <UajJ jj 
t '< i jj (Jclij jAj i^ljiLyU A^lfrlubaH LjJjfLdl <_JLa*iujl (Ja ^ jjlall (Jclajll 

j j> mi^ VI l_sI jjiJ Jajjj .(Predator- Prey Reaction)<UauJa3l - ^j^U Jclaij 

t ■ ll ua ^»JJ .Ail^lail Ajji ^r>\l s^UJI l " )\ \ <^ i ajjIiLba ojjjls ^ <— ll-lall 

V j (Ig-La ^ 4 Jjff 7- " dlUjjJaC- (JjiLujVIj -^?-JJ ' " <— Sjj^a oLia] BOD 

ojjS (jAjJali (JjUxaII jliikVI) .13-3 aI^IxaII ^AaJLuAj c^^-jLi. ^jj L^l 1 . ilWn 
.(20°C ojja. 4^.J.i dlAJ AjoiAik. o^aJ AjLiaai 

Aj^^ SjU ^> » C0 2 + AjJ^f Lj^U- ► C0 2 

+ 4J>\Sh\ b^U (12-3) 

BOD = p (13-3) 
mg/1 ^UajS tjjjiaJI oJ^Vl jrlii^l = BOD 
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cJ&ll JjV! U^£VI = Di 
.mg/1 — L ! J-lia jJjJaaJill ^ 15 min y^J^- 

.mg/1 — SU I j^La j»U 5 Uj^a 4jLjaa. Sjja 
w/ BOD 




»Lta Sjj^ja (jSj jjJ <j) <Lj£^« ub^Jac 'DO cSJ^J lixuu j^-s-a 1 Ua « fU t JjK'll Jj5 i_a j^all 



176 



(j-a <j£ 12-3 ^'iVull h 1 . ^j-a^l AjxjIjj oj-aluus 4_iLaC. jA <Jj l<U^)xj«a 

•l>°j^ £*• **3j-'^ ClAAaaJI (XjtjjJ L_ajjlaball t_iljLall jja u^Vl <Lia£ j t^piLall BOD 
^1 !^)Jaj (j-a_)]l J -4 (J^SllLa J^at-aJ i(12-3 <tal»-a) ^_gj_aJj£JI (jj-N m^VI ^Lii^l £-AjJJ 

14- 4j^Uua]l ,J aJjl jll ^Juj-allj ^jS/l 4jj^>aJI ijA '^J*- jA jj3^I tgjaaJI 

j a!AjuA\ ojlA ^^ifr bLaJC-l j . Ji«-aJI dljlj k J fl&lj \ jSL* t>aj]l jA t ''m t3 

lJ^I aUJ pJ^UI BOD _J 4-aUll 2L«j5M ^la fJ JU 0.1 lsjL-j & 4-aii J=J 

. f U JCSU ^1 ^Sl^jll BOD t> %68 £±£ t^Jioll 

BOD f tt >j "J\ J = BOD (l-10" kt ) (14-3) 



Q 
O 




^l^-L^VI / / ^ 


as 

i 


t^jUil BODW 


















) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



<> jUa.!j ^JJJ^I jUatfl (^ua-i- J^i cSjJij <jjU«£ ^JoaJl eJJa^SN ; 12-3 <Ji^ 
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j£ J^llj LjJjfLJI jli JaaJI jjotajj .8-3 J 7-3 jjSljl*-a]| ^ ^jJaj-all BOD 

V] Laj-ac Ajjjjll dj^aj V j .^jJjfill JclialL » j£j ^1 Ajjfra^l (— lUj > kaaJI jaj 
aUa ^ BOD djIjUlkV 5 (jifj <iUjaa. sjjS Jj 4juJaJ 0*J 

(J jl.laJI oLfo (jVr> ;j <aj\juall ( " ll t\ Clllaajj jjht j (_5^JJ .<aJlx»a jjc. L_ajj*<a 
<_gj^a jj .4jjlLaJI LjiifLill jxs 1 jud'i .lie. ^gjc 4jj»JI ell jla.1 lil 4al jl 4jjjj 

6~ JjK-2 i>s 10 mg/1 4iU^aU cAjjlill dl j^i. ^ jLuJaS 4jjLxaSI <Jjla3! 

.djljlill JSojj <— is t qjqVill alxa Jl jj-ijjjj (jj]£JI cJAh 1 ) 

^ dlljjju Jl Ijiaj 4i^J BOD jlft^t ^LoaLail JJ^J j£-aJ ^ 

I _aA}L j^ jM-aSI ^g-ljiil j£-aJj .<iiii-a]l Ajj..Ja»JI ^1 j-ol] (_£ jiiiill Jkall J dl j-laJI 
^ (_£jLuua (JjK ^ Jfr BOD (Jjialj j=^-°^ JJC- c*lljj IjJJ-i j»$jlslja.l 
4^u3 Jix-a jj^J jl t ; v>j .La^la (_JS jx 150 IIlg/1 J& lilLaljjlaJI (j^i^^j 

jL U <0.19 0.16 Jj^j £ J^j .30 mg/1 ± 200 JU-. J BOD 

<_ajj^a ol_La Jfr Siiialt Cjt jbja.Vt j» SaJ .Jo*-a]l 4-aj3 jx %15 ± oj^ liljajl 
Jcl ui ^il .J=uai jlall (^L?. Jc %20j 10 jjJ j?W-" '"'^ - oJ)l& AjSjia 

tll^-iJC- J jl 'Ic-jj (jilnTl Jll ^gC-l'u^ill L_SjA^a3l oLlo Cllljljdi.1 J Clljlnj 
.SjjSiSlj dljjlj a SI - " <Jaa-a dlliajj ' " ll IjC jl i^jj^JI JaLoiiJI (_3J*J Ijlj-a 
J <ilLij t.n>>n jl <ijai Jt\ AjLiaaJI till jjjlS j Aj^Lall i ajja^ll oUa] j£-aj 

« ijhnll J& (Standard Methods) ^ J£ .BOD —SI cj| jULkl gflss 

d iljboa.1 «.liil J 4 ojac i ijSaJ ali^ <— iliac. (JolaJ «-lj>J Jc-J dlljjjlal ^LaSI 
tSj^L^Lojl ^"jjj .^jJIoiaSI jjc. i, baj>Jl]l oLlo Ajc-jj Jc. (jja^jS BOD 

JjlLa-a]| j tlllLaijill ^Jala ^Xi ^ jjluiJI JJC. ' aja^-iti aLiA J DO I— ll jiall jj> ui^Vl 

Jai jjSj jl jliaiij 4 0.2 mg/1 jc. jjjj jl <a\ .^-»^\l <jj.^-»r-!i]l <jjia-aJI 

4jc jj diil£ Ijjj .20 C sjlj^- <^J^ ^jLjaaJI j* >»U <juLai. Oaj 0.1 mg/1 
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jLni.1 Jja < ajU-.ti aUa Jj 4jal£ ^jj j| 4iLjaU jjlj ^j^-V j -BOD 

. f U Jik 0.1 mg/1 Jj 0.05 >j£ DO jrtoj 4jj^a 

.0.2 mg/1 J) 0.1 u^-£>U J*ill ^jai-VI J 

4-ajii j1 ftLuLaL 4i_ajj^all oLlo J BOD j COD jJJ 4 uijUla 4j£lc. Ja> jJ V 

sjUII jkj ^U^ll s^Sfl J J\\J± t BOD o* j^l uj 2 J h^i COD 
LSa ^ ins j (jjLiXAll BOD jl n-*»l uj^ j ' W J^'N <LU1I jjc. 4jji 

COD jJJ 4jjlLaJI .j»U Ajqbaa. sAa! 4jj > .ia»JI ajLall (j^ai J ^iVl.iunl jv>»n^Vl 
4jjji-a (JJLaJi] AjjI i aaJ 4jjlLa ^)Jfr ^gln jl j£-aJ 4 h» <n i_sjj^a al-Lal BODj 
4 LjjbiiJ (Jllljjiu 4_ajjj 4_aJL^a j;l£. jJiij (j! <a^L«JI s^J (j^J JaaJI ft jjoJj .0-S.lxlLa 
4Ajqjj iliUaJ (j^ajJSJj .J^LaJI L_sjj^all al_La 4jc-jj Jl ^ jj j^s t *' 1,^-^*1 

4(JjLuU olfria ^ullill <2J jlj ^Ja. jjawuiSS/l <— iUUj (JjjaJ Jj 4_a.lall 

.Ajjl^jJI BOD 4-ajaJ Lpjfr 4jjLuw 4jlia3l L-Sjx-all al>a COD jjSi jl 

L_a j^aJl sUa BOD 

jjj&j ^Ja <U3 JjSH S jlaaJ BOD jli^V t-L^a j ^jL La J 

(j^Aj .BOD till jjjli (jx SjjjtS J 4j(jJa j (fijll 4jj*JI j/> ft jaj 4laS 

^lai .^tull cjU«£ll jLui.^ 13-3 4JjUJI J 4-3 Jj^=J cjla jk-a fhvU 
4-3 Jj^?JI jjA! '350 mg/1 — j jjSj BOD <_£ j-* 3 " 4 ""-^ <-* 0 ^La JaJ 

300 ajJJ 15 J^ 1 fi V a51 a^t>LU5j2j0J^ jljJJ djLyc ^1 J 

*13-3 4JjU-o]I J mg/1 350 l£ jLau BOD -J 4-<ua J!>UIj J t^Lu, jjSio, 
aLw 4jj& ft ja. jli 5 mg/1 o jia ^jc- DO cnaiilj 300 S jjjla jla 

liESlgioit U3J t t- jj;l^"lll ^JL-£a BOD <_U>I j-aj .<_Ui 4.3 (jjiuj ^j^j^all 

Ijkij .1 mg/1 ^l^jfl DO JSj V jl t_u?tJ 'DO t> JaSfl J& 2 mg/1 
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5 'jla 4 8 mg/1 ja> ^Lj > ijiVifl bLw ^ ^ jVl DO J 

2 mg/1 ^JUll t-JjC-^all ^jj^Vl iaJI jJJ jJjjJI liTilgiai!!] 4^Ala (jjSluJ mg/1 

.8 mg/1 jJUJI ^>aVl JaJI j 



BOD —II Ci! jUil JlJfrV aliiaufl j «-i j-flfl »L« <> 4a j2u» f :4-3 Jj-i* 





till jjjlS ^ ' 'oj.^l sLfal (jJji _)JC. 


(mg/1) BOD JU- 


% & jA 


(mg/1) BOD Jl*-. 


(ml) Ljj^JI sU- 


7000 Jh 2000 


0.10 


10.500 J\ 3000 


0.20 


3500 1000 


0.20 


4200 J\ 1200 


0.50 


1400 J\ 400 


0.50 


2100 600 


1.0 


700 J\ 200 


1.0 


1050 J) 300 


2.0 


350 100 


2.0 


420 J\ 120 


5.0 


140^1 40 


5.0 


210 60 


10.0 


70 J\ 20 


10.0 


105 J\ 30 


20.0 


35 J\ 10 


20.0 


42 J] 12 


50.0 


14 J] 4 


50.0 


21 J\6 


100 



BOD 3-«Jfl JjJaai <_a >yfl aUa JjiaJ <> jaj BOD CiULu :5-3 JjJ^ 

<*> tf>W jJ! Jclim (k-Rate) k Jk. jjjSj j f Lf 4^ SaJ 



DO 

(mgA) 


DO 

(mgA) 


DO 

(mgA) 




DO 

(mgA) 








P g 5 ji- ^ 


5 jj^all BOD 














0 


8.3 


2.0 


1 








0 


8.4 


4.0 


2 








0 


8.4 


6.0 


3 








8.4 =J 








375 


2.5 


5.9 


5.0 


8.4 


2.0 


4 



360 


2.4 


6.0 


5.0 


8.4 


2.0 


5 


345 


4.6 


3.8 


5.0 


8.4 


4.0 


6 


365 


4.9 


3.5 


5.0 


8.4 


4.0 


7 






0 


5.0 


8.4 


6.0 


8 






0 


5.0 


8.4 


6.0 


9 


360 


(k-Rate) k ^ BOD ^ JJ^i 


90 


1.2 


7.2 


0.5 


8.4 


4.0 


10 


75 


1.0 


7.4 


0.5 


8.4 


4.0 


11 


165 


2.2 


6.2 


1.0 


8.4 


4.0 


12 


190 


2.5 


5.9 


1.0 


8.4 


4.0 


13 


240 


3.2 


5.2 


2.0 


8.4 


4.0 


14 


240 


3.2 


5.2 


2.0 


8.4 


4.0 


15 


300 


4.0 


4.4 


3.0 


8.4 


4.0 


16 


285 


3.8 


4.6 


3.0 


8.4 


4.0 


17 






.300 ml ^ 1*2 BOD j 


jJiJS .13-3 (/gStSill 


r-j f 3 (*) 















j^Jj <UaLaJI ^ ( . ^ ' "J >BOD AjjJaLa. ^ Aju 'stji 20 C 

U^jLk Icjj ^>-aS/l ( . llWlj V .(ll-3 <J^) 4j.ii.aj <LoJaio JalL^-a £Jjl AiLjajj 
jl j^Ullj .4jjaJI ^ X^al OJ ja.j-a Lp j£ ^gJ] ! jiaj 4jJ jiaJI i-Sjj^all sUa! 



jjjI j3 ^1 AiLjaj tilivlj jl (j^Jjjj^ ' 'q.)^"' <_1^ (j- 4 j(S •>_; t " \ dil Lsaj 

BOD jjJ jS ^1 SjjiLui ^jjj^aJI sUa <jailLaJI ftl j=>.Sn 4iLjal Juj .Jaaa 



0.26 










0.22 






- 








^^^^]0.013 






ll 0,8 


0.174 


1.0 

• k = 2.61 ° o 01 ^ / 4 10 = 0.20 






0.14 




i i I I 






D 


12 3 4 


5 


400 




(oLj'l a ■■■o -L BOD ^ 






g 300 


- 








1 

^ 200 










100 


A 








0 




l 1 I I 








3 


12 3 4 


5 



5-3 (JjAsJ! J IVaxA ljj^I .U. cte^ k Jk*l ^U, jjJfcj <>J - BOD ^JaJLi :13-3 Jii 



^SJ Jill JllaJI DO djLaiLiaj <bsJI Cilju^vi 5-3 J u^b 

I jja cjaj £ua> aUa j> 6.0 ml j 4.0 ml j 2.0 ml ? ja^ t-u,vsiJ 



JjOju ^t.VVuAj L_ll JaII jvy^Vl <ia£ L-iluiaJ 1 -Laa^ ^ jVl jJjl jail 'a jjUa 

jj jl jill ^1 AiUial 4JU1I £jou]I jj jl jill Lai . J jjll jJ-lij Ah jkl JJ J 
jjLxj ^j i20 C ajl ja. 4-^JJ 4jui-ai oial l^jLjai^l ^jj3 t ajaaJi]! aLiA Ja 

.13-3 Ah\*Ji ^I^LuoU SjjjIS JS1 BOD <*ja <,uoVi . C5 iii^ 1 DO jj^jI 

Cjjjjc.1 j i360 mg/1 till jliiiJ 4jjuo Jj^al Ja 4j«jJ^ BOD Jajai jla 4-ajii ClutL 

^il .aLl 4 ui^-nII <jl ijaa Sjia <Jj5 <— ajjluol ja DO (jV j H > jjc. jtjjjjla 
.0.2 mg/1 t> Jat DOj^l^alal <ajL«JI djXll jjJ jail c-ij^Ii! 

BOD -J A: Jaw jjjSj 

4oaJ ^ ^LALJI BOD fja ja 14-3 aJjUaII ^ k <Ji*-J CjJj i_jluia. j£aj 
JjO=J JJUail t> 17 J>\ 10 r U jVI lU^j jjJ jSII ^ ^fo* 

lillj j CLiULnll ajA ^j .^Ljl 3 (jJ] 0.5 Ja da^jl jj AjLjaa. t_jljj3 jju 45-3 

^ la ~1 a (_JfLi jl .13-3 (J^-*-^ ^ AjoLaa 'aj-al AjLjaaJI Jajoi jJaj 
jjL^xa ja AjjoiLoi l ajj* <jjIja AjIjMa L_fijj^a aLlAl ^^.J^oaj ^^iajJlBOD 

ji=JI 4-aja j] .A: Jjjca jj-jsj! 4jj^u ^iLj^ 3 13-3 J^aU lS * U£y * 

CAjLull ja L-b ii-s mg/1 Slj ljjm-\ m BOD ( _ s ic- LajjaiLa ^UVlj j-a jll ( _ s _ua£all 

Jj^-a (J Jc 4ial jaII <ia jVl Jj^-a till jjLoll JJ^al ^J^a lg-ajaij £j jS j 4jjjjLa]| 
£ (Jjxa i . iLoia -Lliill ajA JJC. 4-ajaij j^-a-a Jai. Ji-^ 33 ' ^^"inijj t " \\ \\r \\ 

k= 2.61 B/A (15-3) 

I— ll jj! > J_a^-a ^^ic- ajjj 1 1) <\\l JaiJI > n ^ =A 
JoiJI Joa =B 



600 r 




0 L 1 1 1— 

1.00 0.67 0.33 

BOD y.jU J^JjAAlyfj* 



AjcLL^I ilai) ^AU BOD —II JLjJjl CXH '6-3 JjJaJI J' SUa-^l <BOD —ll ^ :14-3 JlA 

^frliyall ui j-afl sU*J BOD JoIaj 

tlllcLk-aJI ^ 4jjll<JI AjjjJaxl\ dlLiliill ^Jaa-a ^ BOD jli^l J^' (j^J 

4 SajaJI ^^i. jj (^gJtJij O^J •L£j£^ JWiN AjJajC. j^L^aj Aajliill 

sLl« (j-a sjji.La]| ^ CLlljjjJaaJI ^ j 4<— fljj^all olj-a AjjJa-a^. 

ls j^)I\ ^Jj J _4j^ajll j 4laUl JjIsj (j^-aJ ('"n^.i ( ajflaj l^j i J ^ j 

aLw t-iLu^l CjI U_u lAuxII l«J^ ^ ^ J ^ -BOD _U 

(J j* i lul l Jajjjij tAjjjL^aJl aJllaJI j Joaj I^j^j j t i > ^lai^l (jj 

^j^jj^JI al^a aj3 l^lijlLa] \$ \}~\ i JJ ( ■ la^j tjLuoVi ejJS s-ljjl ^ <\\l 

Alijla 4jiaj ajjii (_£JU ^gic. 4j£^a]l diliwJI fjA He jLnc-l < ; i^Wn .A^jlill 



JJjoiSjjJjA jl iiLjJ^)j£]l (j^a-a^ ^1 ,~l Vu iilj lilli j 7 pH 1 4jjLul« cs^-^ 

S>c i LaaJill oLia pH J^*JJ VI cs Jtlijj .4 u^-i^ll jl 4jjl$^l <J_jiall a]\ ^jjj jj-all 
j! .BOD jlii^^ t-lUwVllt <Jaf jJjl j3 JU>iVl «.Uj! <_S^JI oUa 4iLial 

jjKll 4la£ JJUjj LJlx- j .l^jujjj Jj3 jjK ^^Ifc AjjUJI ClliwJI tjA JjKil <ll jl fJJ 
jl L_LaJ <LK1I J_jl£JI 4^<a£ jl JJC- tjik-Lai jl AcLai oial 4 m II t - 1£ Jp Ijl C5 ifLall 
(_JjLiJI ^fcl j i >-»\l L_S^i^all oLlo L_iUaJjj .^jjjjj^all ( " n*n^j£ <Jjla^a AiU-ial __}JC. J-lJJJ 
LaJUC. ^i^aiLalt l1)VI=»JI j/' ■ *- 4jaJlx-aj 4_uilj.S (_£^>^l "CLajai jl _^-a ^^ifr 

BOD jl n->l (jfr ^"'^ *JJ t<LpLajfiSI Jl jaJI 4 U^imt 4jVq'i JJjlaJ tj^-aJ V 

.(Chemical Oxygen Demand COD) cA j4^-i ^ o^^yj 

ellljljli.lj jiLjiJI ^>JC- (^jJiJI j-ajll Jjjsu 7. a jlj-a (jC LJlc. ( jju&II |aJJ 

<ajLill Uij^l sLw Jjkj gj£u 14-3 l&^I j 6-3 J j-^J o^Mi -V^H BOD 

4l<un\l J Ai Aal . (_)i.l.Sla <_j£j-a ^^ic- AjjLsJIj 4jjI.}x]I ^I_oa1I j^s 

CjIjjjIS ^ Alkjaball BOD ^ £u,\ j]| ( LJall Ajjlia 4J3J jj 4ial£ll <KuL»ll 

485 <^lj 220 t> dijjLu clx^ t %0.67 <waj UyiLii] jLlkVI 

ojIjj ^> BOD -J SjjI JLa UuS djj^Ji! J cjljUlkVI jl t*lSi (> ^1 j .mg/1 

jjSj fj josJI JaLiall Ailcj ^WUj <.<AxJ\ AajLaj^l i jaII jj^jJ jj ijaa^l 
Wit [(300 ml) S jjjli ^ «j j^ll e Ua ^> (3.0 ml)] JaVI cjliaaiall a^! 
^Jku^l BOD jj£j J ^iibj .300 ml ^ (1.0 ml) cAipXXi 



2.0 mg/1 DO <j-aL-ai«l cJ*^ U tiilijiij 



^ lc jlaj <Kflt a AjicV 0 ^ ci j^a aLa J^laj BOD —21 • 6-3 Jj^ 

OjjI^I ! ij^i jLjJI £_a BOD —21 iajS ^ ojLJ uiuj U* SjU 



5 S Jia (jit (jjilLJI BOD —11 


_ 


(ml) 


240 


1.00 


3.0 


205 


1.00 


3.0 


250 


1.00 


3.0 


145 


1.00 


3.0 


210 = -k^jU 






365 


0.76 


2.0 


485 


0.76 


2.0 


315 


0.76 


2.0 


220 


0.76 


2.0 


350 = .k^iU 






520 


0.33 


1.0 


440 


0.33 


1.0 


565 


0.33 


1.0 


520 


0.33 


1.0 


510 = -k^jU! 







.gjtSill ^Lu (jijc 14-3 JiiB J1«j (*) 



jA <jr^-^ J V 1 ^"'* £jj UJ-^ BOD cjljLlkl ^j^y 



i — a^)j— sail oLw dlbj i >yC. (JjlVl\ 1 g SJjSj J»J dlLullLVI J LlJJjfljll duiLoba 
^^gic J jj-^aJI (j^S • 4jj^i-aJI Lijj")^ ^1 la <\\l ( ^c\ i i ^ill 

^jLUI dAj^jJaxJI j 4jj|jl*]| Cjlcli^all L_S^a aLuJ 4-a_pUI 4jj£2~J llAj^a*JI 
(j^i ^cjli AjaUa ^1 j-a jj iJjLuj Jajmj (jj .4_aJla»a jac. 4-aJ^3 l_Sjj^a sLlo (j-a 

ajl^a. 4^a.jAj 4£.L-o 24 'ojjAI <La.jiLa 4jjla. i-ll^jj J^ia ujjj^a AjjC- 

jjaJI Ac jAau) Ij jjj Jfc J j i ( . La J j .jIjSLujVI (j-a _>«Vl 

^ jjaJI Jiaail Ajjj^ac. CliLSj-a till j ^li-a (_Sjj-a aLi* (Biota cliljLull j 

eliLijjJaC. jla. J.V r-t<* (j-a lillij cj^lall ^jjj^all oIaa ^ Sjj^c- jjc- 

^C-l L r->\l L-Ljj > A -\ \\ y a Clul£ lili .oiA i—a^j^all oixa £-a AijfLa 4j jg a 

^ai^a (j^i ^Ijia (J^J '^!J^ (J^J^ - L>° ^ Sajujlall oLaaJI (jli t(_£jja. j»Uajj 

oLajL JLwl tS^J 4(JjAaJI oLl-a jli jLa (_£ja-a ^ I—S^jl^JI slxa ^JaJ 

Jojujj (jfLaJj ^-^J^ *J v " UJ"^ ^ 'W^ 1 ^ 3 4_lakj (j«a °^ J )?- a 

^Jajuiia isLaa. 0<J-°J ' . ^ a jjir i 4jj la <i 'a.la.j ^1 laUmU lillij .n 
^jSjj ^jc. lillj j tJ^La j ^^cll^a i_ajj^a oLw L>° c3J^ 4£.jjJa j-a 

• AjsIS jjC. JjiJI o^A Aj-aS (jl dlij 131 jl Ajjjj£-all JjiJI (j-a ^^JiJiL 

OJjjla <J£ ^1 jl ' a j a A, 'II oU-a ^1 »^i^II ^jjJI ^ UJ^ ij' ' . 

4iLjal Laj jJ Uiai Ua.jljJJ UaLij t>ajjl AjalS BOD JJjl j3 t>a ^JSloui 

tliiaj ^- jj]| jjij ^jifr AjjLaJI c_sjj^all oLba ^ 4a-a£ 4iLiaJ t5 Jtjjj 4jjajll j^^Jj 

jjiJI j-Li^l (> Ja^a i^tlt Aiixil ^l BOD t> %10 Jl 5 *JjL. U oj^j 

BOD 5-aj5 4j ^jjll JJ^J - laljaLaJI ^La]l jl ^ULo j'—jia'^U jj^ ...<MI lAJjLaJ 

10 ml ( -.->-> j^sVl L-jlkkai 4-3 Jj^?JI alJiluiU 150 mg/1 Ujja 



£jj2t Jji? Jlil j£] j .ejiA lJj^I oil* ^jic. BOD jLu^-J ojJJ^ (JSJ 

1.0 ml tjh 0.5 4jUial jalLoi t>j .4_L<£JI s^A t> %10 5 4-ilkli 

djULnl 4jjlal! t . u>i'i\l (jli tBOD ls^ "oj^W^ ^* is^" fc LbajII oLlo 

jjlc BOD J-£aL glials j .tdli IjjjS jc-LujIuo 4-3 Jj^?J> ^ 3inJI 

t5 *jjj lillilj .%3.5 Ajfuii ^cjj-a ^loiiaiLj ^gJ^jJ ' 150 mg/1 a JySjJ L_sjj^a all* 
0.17 (jJJ £^jj>^ JJ-M lW-^ i <naVi\l olj^ ^3 C_Sjj^all aL-a j^JJ ^j'j^! (j' 

.lJ j^JI alu ,> J3S JS 3.5 ml j 1.7 4iL^I ^lij 41*11 ^ 0.35 j 

BOD CjLLuaaJ ^Uall c-Uul ^ jjiauoiSSU ^jjll Jjil ^LlJ <taU-a ^JJ 
.16-3 <taU-aJI ^laiiaL ^jjll Jji? IgJ) ^-fiLCa-all 4jcLu^JI L_S^all aUa 

oLls (j-a P ejl-lLa *-3^ ^dJ^^J ^J_$ JJ^ W^j ' ^ ' ujjj^all alxa 

(jx (^J^jJI J jVl j j-> uj^V l ^jS ^Jj jl jjjii B2J B\ Lai ^cli^all l_Ljj^u3l 

jjiJI 4ajuoi f ^ '^j^ jj^ ts^ - * " " l)^'".' BOD jLili.1 

jLu^Vi 'La.'lVlui^l Ao-a^ll ^gjj ^C-Lu^all 1 a^)j^ail alw jLui.1 4-a^iauJI 

jaauo^^U jjijll jrLjU jA (fi 2 - Si)/ L^fl cs-^Lj . jjjbl! ai-a j^lc 

(JD2-Dl)-<JBZ- Bl) f 

BOD =" — (16-3) 

P 

J 15 ^jJlj^- JJ^J Ujjlj <— flL_ixa ^qq-N a <_ajj^a oLw 4jjaJ DO = D\ Cilia. 

>t jjJaaJI 0*J jj^j alxa DO = D2 

.Uj j » ;-iVi (jx 15min ^ ja. o*j 4iik-a jjij Ajj«J DO = By 

.q v aaJI ^xj Aiii-a jjij <1«J DO = 5 2 



51 > ml <^j\s~ vJ 

_ »'■»» ffr* 

t alaJj tj^j t^cLi^all uj^j^all aL/s LS Jc m^VI ^Lji^l cJclij ^2 LJlc. tij-i^j 

jlj^a J_a^.j jl 44j9jSLo jjC- "Ujg a CLlLijjJaC. (j-a jl c4jal£ jjc. Jjij 
,4jLja^A3 J jVl fl/^l lT>U> ( AjOaJ t_taj tAibj BOD JJ^Sj] j .4l»-a 

j>jj3 (2 d t'/2 Jju t_j|ju]l jja ui^Vl jUii.V 4ja^j jjJ j3 Jl^cV La) lilli ^jjj 
J (j.;t> »^Vl u^J^ 5 (J-^*- 0 ^jal^ J>1j ' - tt-iliUl jj> i VI jbuowi jl 
DO jlii^l 15-3 Ji^l .ajLjmJI ajja JiU ^jj <_£ J\ <jjjjjjla 

OjO^j s-ilcL ^jill I^A ^j-a jliii.1 J VUi^l JjSVI BOD 4-aJ L_Uj£ 

<juiAiJI ^LjVl 4-aja " '"^"'^ l>0 •^ c- (Time Zero) jL-ail 

.oOiiaJI «.^\\ ^ Laj Ci J& taLaJcl 

^ jjjiws ^j-a laajj (! 16-3 -^1 5 — SI 4-<ua cs-^ 

^> jjll J I^JJ Ajjlill jjli cAjjlLall Lijjj^jII ajjjflll .il.iC.VI i— UjojJj <Llj£J 
(_>uaUJI ^»jJI ^ jj->>^!>U ^giill ^Lii-VI t L-aj Jl ja. Jiii j 4jLiaai3 tlaHjll 
^jjjoJI liC^lgioiV! (j-a ^tjlj 4-116-3 J^^l ^ JjWI J^ ^'i^'mII j] .Jul^l 



j-alau jaa. ^ i(Ki= 0.65) Ja1\ tS^-i C1jV^-<u (J^Ajj Ijili 'J&l 

. jUiV! S J3a UJ cIjV^c 

^j-a (J*-?-J ^* ' JJ^° L&^J L5 < — ' ^ <_Sjj^all aliA tjj^J 

.AliLaba »JJJ^3 (_5-SJ <LlJa CIsLiaS L-la-ui (J.)Vhii.n\l (_Jj 1L la >.->ll 

Ifl-uil j3 tj^y f -i^^ - (J! ll'' " !-'' " ^' " ; ajisklj e_Sjj*£all oLia <. ajfl^J (j£-aJ AJLaJI a3* j^ij 

SjjjIS J£l 3000 mg/1 BOD cj!3 cJ ^ <> 0.5 ml ^ ki^a .ttsj 
ml 3000 BOD mg/1 cJ3 lJj^ a U, <> 100 ml 13! c&j .BOD 
Alii aj^o, jLaj t> 5.0 ml JSL* 'J^aJI oLall <> 1000 

131 t^Lalb ^Jyal! <J3t^a 4jL-o11 tliliLuallj 4_ui.ll i a j i alt (JjSj __i j .ojjjla 

.*Lall ojj£3__il Cjlik-all I'lji'i'i ^-2 oJc-LoiaII 4_u*_l 4___)U_, Jj_ull Jjll 
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^jlj^l Jclioll (iXu ^U-j- jol-ai Jij^i »U« ^ BOD jtuitf JcliUI Jk, :15-3 Jii 

(Time Lag) tilxi 



L JjS\ tlllSjauall j (JSLLaJI ojA (J* 3 *^ 0 ua jC jA <Lujsllall aaA j-a ^-SjgJI jj 
(jli l& jLajj i <-i j« ^»Cj]Ijj .^cl L L_ajj^a]l alj-al BOD lllljlili.1 4j*.l jj 

Jj-^ lillij ^jinaall j* t—SjjL^all aU-a |»jjaj ^ 4jcjLj till jliia.^ I oaA 

JJC. £jjll (jj .3->\U all tliUxi-a tll^jA^. JJ-iSj jl 4-aUJI ^jU^all ^IjikiJ 
jS AalaLa. ^jlli ^^jjJaSJ jl j^^-aJ AjJJuaJI jl ^a-all ia j^. \ n\\ JJC jjjIjIIj ^J". * <n\\ 

^cljj^all ^jjj^all alox jl j-a ^CjIIjj .tilbjVlj ( _ s J-iajall j-a AjLa. ^Jj Jj&j 
<J jit-a U jLui.1 Ulc j£aJ 4il jjc. tAjjjaJI til jliikVI ^ic LslrJ 4l^sC 

. jjjji jlaj AjLkull tllc.lj^.^1 ^IfjU 
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<J j^a sUJ BOD (^ivia (i).jj^l 4jjUj ^ujjjS ^>«j S Aj jj^ BOD JoKj :16-3 <Jii 

BOD (jisa- (ij) .iiUaaJJ jjIJI fjoJ! <> UjjiJ ijjj AjjoJ j$Jaj kuu,>« <> 4^Jli 

^aiuflj £ja <_«j*<a3! oLxil SjJjSS 4j.<< ) ^ 4^jU jjW AjjUj <Lujjj£ 4^*>« AjjiJl tjj^l »Lx»l 

3-3 JUw 

jjju l«J < t.Vij ^ lJj^i aLuJ BOD j- tlMjyll 

<7.8 mg/1 JjVI DO <300 ml S jjjls U> j^l a Ua j* 5.0 ml \<Ji^ 
^l^jll BOD j BOD (1) t_uo^l .4.3 mg/1 ^ jUi f U ^wU DO Cjjl£ j 
• fJ jJlj 0.10 ,jJbj (jfe) Jj*^ ji j^IjjsL 
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<13-3 mLUJI j> 



0) 



7.8-4.3 
BOD = - =210 mg/1 

4 14-3 <bU*ll (m) 

BOD 210 210 

(Jlgill BOD = =rr = -i> weft = =310 mg/1 

1-10 kt 1-10 ft 'lx5'0 i-o,32 5 

4-3 Jl» 

mg/1 —j cjj!iS s ja cj(j Uij^ fiLw ^ £jJW BOD jUiil ^ 

oLw ^^Ic AaaUa CllUix-a 4jU^»^\l JjlJi .^jaJSI <aJU-a <aulj800 

(ijjj ^ (I) .150 mg/1 —J jJSJ BOD t-llj j SjiluuJI j <Ajii3l l_Sjj^l 

jl£ I jj ^cli^ll lJ^! ft L*l BOD 2ui L-ba^t (^) cjIjLu^I 
DO ^ ,8.5 mg/1 i jjB cjI jjjli <> ^ J> DO 

sU* <i«J 3.5 mg/1 j ^jjJt jli^l 4.5 mg/1 ^ jLau a^±1 

J\ S j^U* i-i^au 10.0 = 150 ml <J& BOD jlil^V lj jlkJI 

.300 ml S jjjli 



ml = 800 mg/1 Lpjii * j^UI ^aJU^a 4\ajL3l ^j^j^JI aLw ^ l_i jILuJI ^^.W 

•BOD S jjjli Lgj^ ^ 4 2.0 

ml = 10.0 X 0.10 = ^j^JI £>L>a 4jjC 4-aj!ill 4-<uii3l i—Sjj^ill aU« 4_l«£ 

tJaiiaJI olw 3.33 mg/1 a°L±\ J\ <BOD S jjji ^jj 1.0 

• %0.33 « jjS 

cl6-3 *LUJ ^ (^) 
BOD = (8^3.5)-(8.^.5)1.0/10.0 " 
2.0/300 

AjjaaJt 4^JU*Jt 11-3 

oLw ^ 4j_ojJaxll ajUll oc.U£ (JjUl J&l yJo AjjjaJI <=JUa1I 

ijlaj jA <\ AjLijjfLa Llll'nY'u n a j^j^C 4jaJI 4 <\h'iVI ai& .X<u*Jj .4j]^La]i 

^jll 4 \1 t o^a^a. JJ .<_Jjla«<JI (j^s 4jlj-all j 4_ij^)iJI 4jjjJaxJI jlj-all ^^jjj 

j i oqi > aJ La Lllc-j •4-jJ(5 ~> *M Clllij > >!■> II ^jxlaj ij-ajll 4j^i-all j|_a-a]lj 

^^Ic J jx<aaJI jliim (jC L_S^>j^all £>Lw CliLlaxJ ^^Uaj ^^Ic- I (jjili (j-aUJiVl 

lillj 0*j .4aJla C1jI^.j ^ j jj ^jiS ^ ^ 4_}1 jiall ^j^j^all oLw ^ j^. jaII 
jiC lilli j CjIT^IaII 4\=JI*a1 l^ifc clLVI j 4jjC. jaII Ajj^I CjLujWII Jul jj Ijj 

Jajj jl| ^Jajj ^Ic. <J^.jll 4iJa JJ_jlaJ <_LjI jC- j joauoiSVi jl^-a) J 



£jJaJ j jjJaC. J j . (j^ajaJI i_S jjl^iII oL-a (jS ^)JC lill ij jajjjj j^a 

(JjUI j-a AjjjJaaJI a^UJI f J^M t-li* 1 ■ ""'^ SJJS ^jj^aII (J^Jj ^Jjl ml 

(J jt uHj ^jj* frljA ^Uaj jl ^gfLulS-La ^aUaj J 4jajila]| iaLaaJI I^JJ . (_^ajaJI ^)JC. 
j-a jl Jj.il! J-*- jji I^UaJI ( - n-s jpaj . < — S^jj^ail aLw Aj^ij j 4jj#jJl £jl 

(_DLi,j 4j| jiC .l_fil£ <_£ J^ 3 * JaLiai] Jig-ill (JJJ-*^ a^cls 

Cjbliill ijji a J4j ^ jSj (—Uiijjll <Uj\i isjli. jajj La jlc Jjuo ojj> <a3 jj 

i\c^\ <aJU-a]| tlA& jAS^a ^ 4jjI j$JI llLu-alfrSI jl .a«.L&J 4jjjJa*ll 

j JjOji *.JaJJ jajj AjjI jgJI t— lUj i >\r \\ ajlA jli lillj jc !^Uja3 .Ljjj^all elxa 
j^j ts ]c ^ (jl j£-aJ 4jjI jAV CllLajJal^J £.lill jj .4jlULa C_fi Jjia Jj 

j,a 4-ajJaLs oLaa. j-a isjSlj <CLa£ £-a _JJ^J < Sjj^a sLiaj jl jaJI *(_Ui JajStLa 

^jjj c4jJai-LLa Aoljl CllV-ix-aJ aLaJI oLaaJL jl^a^l ^aJ j^s ^jj .4juj3 A -\ \\ r n A Saa .n 
J3 cJajjJill ai& (_jLa dlajj ^ja. 4jj (Jj tpH >"njnl AjjjjjJa ajLa£ JJ^JI 4iL-iaj 
.(Joioial] ajALa. A y \\ r a\\ j^ij JJS-" 1 AjuJaj ^aVI < . lUaiL 

1 l-il lajll ^gjl j<\j^ll tjlaull ( . lllaJJ .4jjaaJI oU^JI Aajl j <\j^ Jajjjoij sjl^)a> 

<j£2 J -COD JUJI jA La£ C(^j3 ^a-aa. J jk-a ^2 \ a^Ac. ^aJ3l j 

diLjjjJaail ^JajjiljJ LaLaJ #.1^*11 j-a 1 i nq'i jyCjj]| jJ^A aj >>A j>jj jl jS-aJ 
(j^aLai.1 jj-^J JJJ^J cJ^I 'j'^) 3 ' ( " ^ "> '**«■*■*< La jl jaa> a^sua ^ jl t4-Jj(; ^» f\\ 
i— iLaJ^jVl ^Jaa o ij^) 0 j^-aJ V J . dlLaJ^jVI JJjL^J tilljj ^JjS <jj^3t-a 
£ jjJa _o-a (jilSi jl jpi ^C- jlLj .4aaJa jll Lpl AilcLj Vj AaaJI CllLj j > >if.\\ 

jAaLUI jja^l uaj 4J| VI tcJ2£M lj* t-iJA jUal ^-jU CjLajjj^l 

Al jliLall AoAijjVI CjliLjaVI jl jJ^fiia I jj j£j jl 4j^,^\l ^ jlaJI JL>a 



(j<s ^r"n<\ll 4 aj5j (_^jLi]l ^Lja*^ <_Jlc (_g j"h llb Clllj A.\ Ac. CllLaJiai^a t_liaJI dllalj-£al 
tllU jajj cjljiLaiVI jJ J 4^1 jA^iUI ^jJa$U') jl "l_ajjL<a]| oLuJ dlLajjjl" : JjjS 

t(Diastic) tlljj^ '"^J*^ 1 S 10" ..."«-i>-all 

jjAJ Ji^-a 4(Amylolytic) cUiu JL-a 4 (Proteolytic) djliijjjj <Jk-a 
ja!HI j AjjIj^JI Ljjj^jII j ciiLajjj^l ^ A^Li. Aa£jj" 4" jtLax (Lipolytic) 

oi& <_J£j I JJ3j I^IaJ ^jlall i_a^j^all aLui (_£ j^j £iljll ^ j .l^gjLuj Laj 
4jb Ijlam (— kj-^ajJ (jl (jfLoJj i'o^jlj (fli l^i-a Jj_)a]| AiLjalj t t-llLaJ jjV I 



tdjL^i-aJI j3 JJ J tajlj^JI ^ (_£ jj^J _^aj]l ^gi ojjjaII i_Li! j*JI ^aI (jj 
diULull dulS jj (jn^uill £_»jJa AiLiJaj c^jauJI J_a^jj 4pH tjjJ^joiSVI j!.lajj 

^llall (_£jljajl JUwttU lis j LjiiSJI t fll^aJ .^j^jjJI l_u£jj31j ^» jL (j-a ^ 
10C (j£ ^jljJJ sjlj^- '-^W'J^ (JW" 4 <^ JAJJ tJajoijlall ^r,j>n*l\l LjiifLlS 4lA_»Aj] 
eliUvjIi^a j diljl^i. (_Ja*j .37 C 1&J.}3 4j^.jj-aj jai ajl^a. 40 C j 

tluaj Jj^lail JL>a11 ^iLaill t ftju^jll ^ ajja. <—>^>jJ tJ^J J^L&ll 

10°C J\ 8°C j jU ^-llo ^ 25 C j 20 C on i-i a Ua S J c^U jj JjS 

^gi Jjiuioll (^^JJ -^a J 4i_iu^all J^ili. 20 C (j«s cJsl uj-^ u' <— S J > J -^I sLf- 0 

tiljj dAaj ^jj A^l^jll CjUiLall ^Jslui ^ JjLJI JL^j Jjb (JjoSL 

. (98°F) 35°CU 



J) IOC J£l l-L^aill ^Jl (J^Vn jl jjJI JaUiall Jj»-a c_a&LjaJj 

(jc JJ*JJ .35 C J 5 C jJJ (_£jl JJ*JI JLv-a]l j-ajJa lillij UL^skj jl ajLij 15 C 

j* Sj jaL>) oj jaJI £-a JclioJI Ji** cjjIj cj| jjiull AojJaLj]! 

(26-2 <5-2 S jiall tAjJ j=J jaJ 

jfc = £ 20 6> r " 20 (17-3) 

.^jJU T Sjl ja> 4j?.jJ C_t=u J&UjII = £ 

jJj 20°C Sjl j^ 4j?.jj cja^ jclaill J^" t-y^ = k 20 

.o^j tSjl jaJI 4j>jj JxU-a = 0 
.Ajjla 4ji.jj t(j Jclail! sjl ja. 4a jJ = T 

AyWra 4jjLlaj£ll j jljjjl dllj^jajl t \\ y j jIa ^lia JJ*J 

jj£j jl jau^a ^jial j^ia «4Jjjxa3I 4jjUll CjLa.lia]l ^ lillj jc i_ajj^all oLi-a 
el jgJI ojl ja. 4aj.S < ; Ifmj Ja j"» La jaj ^^Ic ^^ic-l i—ajj^all aLw ojl ja> CAajJ 
jao alj-a jl jLI oLw <_lj»i]l aLjx j .li s-\t\ jl£ lij . 3 4 'i-Q i nil i_ljiill oLusj jiLaJI 
-25°C jj& jl jS-oJ *l*]| jla-a ^gjc ^.ajj^JI oUa ftjlja. 4j>jJ jli cs!iU-a 
^ LjA ja. Ijib 4jaLJ t_fljj-all sUa! jl A «U,-ill JDU. ^ jjW^Jj 30°C 
4jjlLa ^Luuflll JclidJI Jj*-aj ^ jjjfLJI JaLiill J"jj«-a ojLj JJO AaSU oil dlULaC 
CjljJjfcll jj .Ujjjlj AjllajoJI ISjJ-at (^3 CjUIaail fti^aJ ,J djV^-aJL 
aLw j-a jja. JJ^JI JJJJJj£l JJ^I JpUajl I^gJe AjaWI L_Sjj^all eLwal 4-ajXall JJC. 
l_Sj»-a sU<a j* ijji n jj j c<£jj£ ^j| jj (j!>Uajl j SjLj cAjjI jAV <_ajj-£a 

AjjjJaxSI s^Lall jAao Ajsjjj SjaLabaJI aLa^JI ^J>.l jj j iA Jajuila]| sLajJI j ^»ljk 

jj .Ojaluba JJC. dlLlij oLa^ j«a c^LaJI ^.3^ LS^ ^JjJu^aj t jja i n^^U JJ^I ^Ljli.1 
sL^a Ajj^J CjULaaJ Aaj^lhiH l _ s -^"l f J ^ > t-^V j-a^ : ( _^A AjsIj]! L_Sji^all oLi-a AjI 
(jSjj ^ajjatj] Jalsua^VI j-°j ^^'jMj 'L^J^J' JaUioll Jjljlall JjxaII i ■ IfmJ <_ajj-£all 



Jtl«-a t L^aill (j^iii! jl (—kc-LjaJ jl La ^ lilljj 1.072 0 <a}3 

J cJ^LiaJ 1.047 ^lfjj tlOC J-i^AJ ajlj=J jjiLL JaUull 

V .15 C jl^LaJ SjljaJI <a.J.} JJ«JJ Li JaLSull t kj^ajll (j^iajl 

Lajj ;35 C J 5 C t> Jla-aJI JU-all JJC- LIsIj (_£ jJ^JI JaUiill Ji** ^^JLu 

^gja Loll ^u^uj 4 6jljaJI <L>J-i ^UjjI £-a jbjj Jc-^l lI^*-« J 17-3 L^LM 
0 4-<ua Jbjj tajlj^JI -JOa-all-Ljfclilll ^jj^ ^ tdljil .^La Aji1 



50 to 55° 




0 10 20 30 40 50 60 70 80 



197 



j-aj 440 C (J _lcl sj'j^- '— '^J- 2 LS^ *^*) (J>^y\ JaLiu J b 

4-aj3 75 Cj 45 C <JJJ 'ojl^aJl 4 la <\ll LjjjjfLdl JjUaj ^ jl JJJj .ajl^aii t-Ja^ 
<aJU-a a J jaJ CjU.jJ ^ (jLkill lj& ^iVimj La I jjb j .55°C ^-Lu ^^Ila 

t^UjjVt liA JlaJ Joioiu ejlj^. <?.J-i ^jic- C-ILVI > . 1* » rnll (j* CjUiill 

4 \^J A j^. *\\ Jajoi jlaj ajl jaJl ( . la jjiUajll joj (J^l j] .ajl J^Ji CllL*.j.S ^ 
Jj^ajjllj L-1C.JJ tj'A\ (^jall ^jL S&j .AiSalall a^A I ■ nVi (jifuj ^aLi. <UaAI 
; -> > ^-ig \\ Ar i'^WW aLa^JI ojl^a. e^Lj_)j c^ljAV ^al& ^ JjljlLa JaLiu ^1 

La J\ sLsJI (Vr.... |j| . jUil lL^sI S*U£j L>Lu] ^LJL jSajj UaJj^j 

i_)fL2u ^jjajl JaLiill (Jix-a (j^aSLuj t_S _ajoi c^gJlaJI ^jJojoi j]| ajl j^JI <L>jJ (Jj3 

djIj^UI (j^u ^ 4jjI 4juAia 1/5/100 4j<JUI BOD/N/P 

t_ajj^a slxa Jajoi jLa . (Jjir. un\l j ^Uaj]l Joaj (^jic Ltii tilli j 4iiiiall 

cj ja^l I j) j .3/17/100 JjLu BOD/N/P ^-a jji^ jail j ^ jjUI ^ L^la 

tdlLj^i-aJL ajjaa ^gi-Lu^a i—S^j^all eLta (jx jojS ^gic. 4a]jlaJI (—S^jj^all aLw 

t(NH 4 N0 3 ) f.j«3j*Vl ^jlu J (NH 3 ) AxiLa^UI LujaVL U^jji i^U 

.(H3PO4) liLjjLa! j3 jj hfl^^ Jjioi jilLj 

^aitjj .<__a^j^all aLw dlLjj 1 >>r. (j-aJl ^ji 4^al laJLail ^ (Biota) L jJoli L)^" DO 
iLjJ 'Lj-i^ (_3j3 (— ll^aJI uiSVI j^J^ ^JJ^..'"^ iaLiull J^*-a 

J-aiuj .(jnVnll q±> 4jJj^a-a Ay f\'\ J^a-all (j Zaflai \; 4-ajkll ajlA 



^j^j^aJI aL/s u^W i s-i^ LS lc j 4-kJoiaII oLaaJI AjaJU-a isuu (J Jo AjLibSI Liill 4-ajSll 
2.0 jaauoi^SU AjO^JI A <ual3 IjUujl J&Vl aAaj^ajII AJujS j] .^aJU-oll Oj3 

.4jil£ 0.5 mg/1 C _ S -SJ Jj^aJ ^Ljai-LLa jl cluil ^giatiil JjiuiuSI U^J 'Hlg/1 

jl ^>Jj*j11j l^J^C-j dlLajJalfrll (jfc el j^JI ^La 4jlc <_iijjj (j?'^ J-aVI K_sl.la]l 

L JjS\j 4 4jjo^JI <LaJU-aSI 4-alaj| ^ jJoU* JJjIj joa.jj.ligJI jjjl jj^jaSj 

Jjir, .ail pH S ^l*JI JLa-all ^jljJJ .<LpLla. <lu ^ $ljl (JjJasL (Ja*j 

(»ja Cliaj j t^jjfLi-aSI JaLiall (jl*J Jj^jull Jl^-aSI (JjS j .8.5 J 6.5 tJJJ 4jJ&jSI 
(j^ajl ^ (jiillill ^ U ji&fSI ^Jc L_llUJa]l ^JL^al <jj£j 6.5 

^jjj^all alia ^ ellljjjjfLuSI jjJala aj-13 e-ilc. (jj^Jj . ^jjj^all oLw CllLjjJaC. 
jjjjSJI ^Ij La£ tpH (j^aliiil j ^xJoasJI ^l&jjl ^LaJ AjilS 

Ijli .4*ijj-a pH ^»J3 elsli (—Sjj^a aLi«a Ajjlij ^VlSS 4j^)^-a]l dlLjjJaxll (_JjS (j-a 

Jaa c^Hall Jl^-aSI (jf. ^UjjVI (^jic- pH II <Aj3 <j&ll^a i_S^£a aLta Jf^.1 

j* jjli <SUJI eiA ^ .pH -Jl <A}3 Ona^l ei-a A°LjJ j*Vl > . lllaJJ 

pH SI JafJa 4 K ni 4jailfLaJ 4jjlLa c4-aUJI fj JaA\ JjS Uou^J j 

.AjjAaII <aJU-a 4js^-a (J 

7.4j 6.7 jjj ^ jl JL pH — SI ^jal (J^ 3 *— 1 JW- 4 cs^ jA^I ^ ■ a$ SS jj 

AaSjlaSI Lj^i^aSI aLi-a aLa^. ^ajou .7.1 ^jJj 7.0 pH A-aj3 Aic- Jjir, /in; 

CjVja^. -ijJJ <-llljj3 jl ^^LaVI ajila »1 jjlmL (jjjjJaJI (JLa^all I^A ^ (Jjir. uOj 
JJC tdSjj tCllLajJal^JI pH SaAjkia ^ "aJ jOa-a dlLa.LaJ (JJiaJj aJ OaS .aOjl j 4j_ai^aC 
"jli JiaJI «s _ajoJ j .j»UJI al aaJI dlbl^al ^ jJaJI 



lljji} ^uJaA J£LLa (jJal JC| A*] pH — SI ftlS (j^liijl j 4 u >i<\-\\\ jlpjl 

.L^aJUu jl j;laJI 4iLkaV jSuU V ^1 j Al<LA\ A \\t\W jijt-J ^Ijj Jla 
Aj&I 1i all i_ajj^]l aVlA jaJj j .AjjJ^JI all <* aiajl AIoLjJI jIjaSI JjJaJ 

.^jj£]l j J^IS AlLa. CjLjJ ^jlfr six. jJjcJI (j^ Vu.il dlc-U^ j* 4_ijtla]l 
^j]| AjjjJajtll lIsIj^^aSI j*a AjixuIjj <C jlla 5i_jAi-o j .a j^ll llllcl Il^jI ^cIjj j 
jl ^-S*- 3 (j^J ^* ^ ^1 l^jJaj j all dlUjjJaaJI JJjtj (jl 1 g j£ aJ 

CjlfrLu^all ^La t-llkb ^aS/l jla t<Jjia]l Ljjj-all aUa ^ <laU CjIjSjaII .InVi 

^.a UxjjL ^Ijjjj Jluoj ^JiSI (Biota) b jjJI jla i*L»il <^Jl*-a cAAac. 

tlAjl jJ^JI j CAjLuSI £-a (JjliLall ialijjVlj j-aJJ IjjjjSjSI j-a £-">lj ' ijia 

^ ^lull AjX CjLuIISI ^ ^oUJjll JJ jjJI j -cSJ^Vl <J Jig ■> J 

J.laj Ojc- j .4_Jal£iS1 CjUalijjVlj tAjauJall - ^jliall jjj 4£l*Jlj 4 4juij «.1jli]| 
li& ^^ic. (_)ji3lliSI jjJJ i4_jjjJaC- ojLaj a\\ djlijlSiJI j^ 4jaSii-a AjjISjui A\cja-\ *i 

Jajjjoi diaJj . I j S-ij > >\ a j ^ i.X\.nj <*ujijaj^\ ^liaVI j^L^a ^^ic. (j^aLuSI Viuiunj tf.l.}i]l 
.4_ijIj&!/UI j AjjI j^JI dlULaaJI (j-a (j£ ^ (j^uj^ll (_£-}»-a]l UjiiSall jj£j i^^lfr (Jjauaij 
4juLiill AjiuJall - ^JiLall 4£lc. ^Ja CjUjI^lpU bjjft.ill t^g'lJ jjluii LaS, 
dlLpljlj^/l (_£.1*JJ jIjSLoi^/I td^>J .jjiaioll CLlLa uj j " ^ j 4jajailall Si «a SI 

<Ja£j LaJ dlLlj»^i»S liljl^ball tjioaJI _a^i (JalSiSI Lai .UjJJ^iSI j t_iSLaJaSU CllLuVj^SI J 
jjj 'j£±al\ JJJ3U j .jJC- jjSI (_J jSM _axu JaLuj^fl I^A ^cljj tlu=kJ 4<SjUla o^jli 

. J51£j1I ^ I jlla-a Vila jl J^VI ^ JJ ^fl JUUIj LjiSJI 

Sjjxa ti^-j^J '-llLj/l^jSI (J^T» ; Cllj-aJ .oJ j-a (jjSj ^^all CllUjiaall (j-a Aiilall 



till^Loij ciiLjij^j (Jji j-a U^y^j^ ls^'j LpLjfLa 

.Saa.1 j Sajaa. Sale] J Ljjj£j1I (>> t— iVT (tliUjIjiVl) 

Ijaj (jjajaa La LjjjfLlI AaljJ (1) :LaA ylaajli 44aauJall — (jjjjaLall 4£ jx-alj 
CjljJaJI ijajj (j-ajL-£xi. j> n-%"l (2)j t^Jji <axll SaLoll (J^sjV IxjjjuiJj bjjj£L 

^Ull (jsjull jjilj .J jU all J SjaJI £Aiji&A\ ala&l (j^ JMaVI jjc ^jaaJI 

.4al ja Ajjj ?-ir.V ^Xal j L_baijall aLIS jjc. AajjJac. oaLa j-a t<aJU^aII CalaLaC. jx 

.(18-3 JSJ) 

ciuj lali AjjI jA 4 t» \\ t n\ ^.i nl ml jxl diLjj^jrtH alacl In u (jj 

«<_jjjLa jjc. aa. Jj 4jjjJa Q j£a i ii <Jjla»all 4ilcj j-aj (jli t4 jal i lOJ i—ajj^all a lax 
(J-aia. <_Ja.l j-a °C20 *jlj^ 4-^J J j»ljl 5 ja^J J^SJ 4_llaj OJJS < . llLl) La 

4ajjJaxll aaLall (_^a^ i nl (j^-aJ 4jl jjc. .%70 Ajmi'u AajjJaxll iiaLall (_£ jaa-a 
4aj£a-all CliL j i >it I I j-a jjj£ aac. "^JJ^ '^Jj^l CLllcLai £. 

j-a 4jjg "> "II lllLjj ' «a» II l.IJi " JJj LL»C lillal (Jj^ajall jfLaJj .^jjj^all ela-a £-a 

^jj Laaic isaja. (-tA^JJ (_HajL^xi. j3 jjjj . ( 1 8-3 (J^ 1 ) ^-SjJ^all ftLwa lllLjj > >»t~. 

« (Starvation Ic. ja. Cj jaII j^L.) jajII Jib jjUI J ^Luilall sLaaJL -Llaaa.VI 
BOD SI ^ jjj (_>aij ^Lu Jll la jiA\ j-a I bac (jla tilla jc ^ »^ 

4 7> II ■* <\\\ j-a 4jj£a^all CjUj i >it II (_Hajli JJ^fjj frL-aSj J»JJ . J jia-aJI j-a AcjjoU 
.Aaj^all (jl ji. (_gi (5 JJ^JI ^aall j frlaill alaJ jaj I— bailla jjljJ ^jic. 4jaaLa-aU 
(Food-tO- 4jj^J>-aJI <_jLj_&jJa*]l f. I axil Ajboij ^Uaj^aj jjl jail Ia4 jLjj 

BOD i— ilaj jL aa»a Sale. Lpc JjR j Microorganism Ratio, F/M) 

£ j jaaII jLall J jla-al! J ASLuall AaLall al j-all ja lb JS] p jalL 4-aaaioilll 

.4aj^all (>aja. (Mixed Liquor Suspended Solids, MLSS) 



21 b 



it**- fh^Jj* iL "J ^J- ^js*" 

d) 



wif-V iiiiiA (JiUl) 
jU- jjJb') 

NH3^ P04 t C02 




- o- jSUJl (!) .?Jaii*Jt tJ j*all »Lw sUa. i^Uac yi 5-.UJI kjaaJ! CiLUlSl! 4j£ ja. :18-3 J&£ 

jija. yi (F/M) ijjcj^l cjbj^iidl / f I jUt 



J^a. AjIIc (F/M) "<Jj^a-a CjLjjjJac/ftlifc" AjjoJ tllaJ t JjT.uuH ijlmn 

Oj^-M^ j.^Vm (F/M) Sjj-uII Cjjl£ jl U .BOD —II 3UI jV ^ JtilLj 

11 a^aS jjj ^Vi.VmII at aaJI UIji Jj] a.lra. ajJSj tAjj.^rll a-ilall <ll jj (j* 

Jkj ,S jj^.n a£jj ^ t-jlUial! j Lj^UI Joj ASSUfl 19-3 JiiJI .BOD 

\) i aSl ^gjljj tliLLoi j3j j i >>r. V jjja. jjoj ^jJIjIL AajIb AjjjJaxll SjLall LjiiSall 
(JjaajUI Ajum\ 4-ajlall AiUall ^1] AiLiaj CIiU^jaII 6 OA i ■ ilia Salt ^>lViun . jjJJ^ 
jaauoi^Vi I^A j t J jla ^11 t><^a "'^Vl *JJ^-° cs-L?*-' 3 ^ '-r^J^ J^ 3 ] 

4^^)J (j-a ^^Ull ^Jjll jia-J .'a^jWI (3l*J l^Aj LjjJjfLJI (Jj3 (jx j_^a!LaJ ojj-iJ 



t> J&l sJlc. (jjSj Clirs. 1^. Jlc CjL) jc!5UI BOD (j-aSLu jjlj ( Limit 
^jj^j^ll JaLioll ca-ljL ajl^p. CjIa j J (J.lir.»1ult ^ 4j| jjc .%95 

J! <kWI f UJ1 L_i jmll aLw jiSi i foVi ^ J«J^ J BOD Ail jl Xaiuj 
jljiLoiVi t£l^>J (ji (JjI yd\ j^^'ij La \jAj .a jAJA <\\l eLudl jjj^II \l 



***** " u NH 3 , P0 4 , C0 2 \^ ^ J ^ 




JJbJ yi LalUiallj (jjj (<Jal£j gijJI J-sUIa iUjV jj uu ^ - :19-3 Ji^ 

L_Sj^>iall £3jJ (jS-aJ t^clillj 'ijKll 4£^)il (_g la& 13] 3 >^ii*> Jjb etjjjo .1*-Jj 
JlaaJ La jlfr^uj "ajljaJI jLojl .£}Jjll cDLi. ^IjII jLjj J!>U. 4ajIj11 WnJI 

tjj^'^Vt ^a,lVl..ia LjjJL&jJI 4JaJ jJ teLuill pLul J CUii^Sj ^1 Ajjj^mJI ai-all 
(j-a ajl.LaJ Jisua ^ya jl (_£ _a^JI <— S^laJI ^j^a 4 ■ al ■ «aj "I (Jiaoa (j-a jjjjI (J-la-aJ (Ja Lall 

Jjj Jj^a. (3<a jl jSloiVI Jj t_JLa Salt J_axJ tjj&!yUI Jj ejjljll I ° J i all Al_a-a^.j 
Sj* JajJI 4_ilat£i]| A£±a}\ si* J jju LaJU. j . Jj^juoSVLi 4jjjj£j1I Sjj^II ijjJJ 

.^j| j_)3l dilalilijl ejajjjj CjI /')) <jjI _a^JI Jaj^joill ^cjjojjj 4(_5^kl 
A^jaaJI 4aS jaJI 12-3 

■<& j<\^» ^ Ati.j (_g jiiSj ^jjl jj-4-*ll j-ajll Ja-aj 20-3 <J^-*H JJ 

jj^-n'iII ( «_ 1 Jali>. -iSt o JjLui ^jt ^aJJ LaAjc (j^a^ j-aill I^A . CLltnilulA 

iJSjJoJ Ljjj^jII ^lijj -^Lu ta jjt > ^-i ajaS ^3«jj .LjjJJ^all (j<a j it > jl^Laj 



lUjoaJi a!£1\ j a^A\ LpUJ! jIjJj! c^t jjJaII ^LuijVI jjc ^lil 

jAill Jjb j . ( _ s ic. Uju^^l aj^S jA Jaaa aiaj La j t^jfLa-a jaj J^st-a 

Lp£ Jlau AjjxsJ 4li£ll ^1 Jj j 4_iaJI L£liJ 11c t> oijj jli lik 

:c_luLu!I dulj (i tiita. 18-3 4&LJL 
r g = ^ X (18-3) 

|» jJL jallL CllLal jiolli-a tAliSJI jaj Jiaua = r g Ija j 
jjUL CllLaljiolka iAJjxaJI a\'<\ \ =Z 

tj* ^ub jjL jA (Declining Growth Phase) jl<JI ><ull jjla <jj 

.^jiiSall _aAill (JJJU fj* AjuJjIaJI e^La]| <Lu£ (j-aaLu 

• 4_raJI L£UJI ; UjS AjKJI AjjJ^JI <Sj^I jjV'"^ L!>UJI (_>aJU d j-ajj jjl^ill J!i3ua 
11c 4£^.ljiall _aAill J_jia Ajl^i .lie -ijt T— >*i \ \ A r » >il \\ ajLall i— ajY'uin La^jc-j 

. jSLoba JJ^a J J^JJ ' . nm"n La tLumj IjjIj AjjJ^JI aJl&1\ j AasJI Ljjffijll J£ 

:^=>.l jlaJI jaJI jjU Jo*-a (Monod equation) Jjj >a 4j^U-a i a > ^-1*1 

jallL tllLatjaulka 4 jajII OjLaJI JjL-oJI jj^JJ = S 



LS j^a\ ^Lua ( L^aj ojc. jAill OjLJI JjLJI jj^jj c£ jl^y) ^UjiVl clulj = K ? 

• mg/1 t(jAiU J"^3U« 















x m 
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0 




5 0 = -S ma ximum 


5,„ 


= 0 





j^Cjjll j-«ull Jiua j jaJI M<\<\\) ,_JjLjJI JJ^JJ jJ ^-^J^ AiDlsdt oJiA (jl 

^jLuu cjjIjII j .21-3 JfLilL ^l^j* jA U£ jjlj ^JaLs ^ AjjjaJI 

t q > i*i JJ, jjll j-ajll J^*-a (_5jLuU (jj^J La-lifc Will AjtjJaliJI ojLaJI jj^JJ 
Jlsua jjllJ-ia 19-3 <LU-al! ^ 18-3 4LU»J (j^jstlij .JI m jAill Jji*-a 

jAill ^jlall (JjLJI 4j joaJI 4li£JI ^aj 

ojia ja (20-3 (Endogenous Growth Phase) ^lill ^1 jjia 
(> ^ 4i« (j^abj (Decreasing Metabolism) 



(JlaJJj <La^JI L£/LiJI dl j>aJ . <JjK a\\ ^ oJj^j-a CLllljLa -A » » ^-il -•> \\ 

j L^UJI t> ^ JU'il J*5 (J^Vn .JjLuJI ^1 Jjxj 4j0i-a bl _ax> 4aala 

r rf =-^Z (21-3) 



. jjHj jUIU CliLaljaulLa t^jjaaJI A±j£J\ JLsu J^«-a = r</ 
£ jfl>,n j$i ^bMl J-uJI J>la <J&L <iJj=^ ■ sitt jajII J"o«-a Lai 

21-3 j 20-3 jiibUJ 



-k d X (22-3) 

- jAi jMj CjUI jijka t^L^JI jAill Jia»-» = r' <->±* 

:^c_u^u] j^C jaoII J^xaI (19-3) JjJj-a ALla-a J^tJ j 

<23 " 3) 



t> AajUII Ajjj^JI a1&11 A^liLall Si.) jll jA (Growth Yield) 

21- J^i) tllt^lLuLa Ac ^ j .^aJjJsull AajJaUJ ajUll SAll JLall Aj-a£JI (jiaj 

l jJ^\ jaJI jjia #.Lijl <iw>^ ^l&ll SjLij jA ^L^i. (^jk-oSi jli t (3 
^Jj 4ju*i]U (Exponential and Declining Growth Phase) (X m - X q ) ^Ijiall j 

IjJaj j .(S q - S m ) \j>»^ Ajlajll sjjall J^a> fOxkill Ajjl^UJI ojUll 

: jjfL lil jL-all S m kill AjcJaUJI sjUSI jj^jj ^Jj 

F = X { " " * 9 = (24-3) 

5o r, M 



Si-all (j* mg/1 j oj^Lo AjjjaJI 2fc<tl sJljjl mg/1 t j^ill i >^ = y 

a jjlb jolllj CllLal jir Ajua taja Ldll AjuJaliJI s^Loll J iViml (_fr*-a = r 
jjL ^ t^aU-all jAill Jia-a (jli 22-3 A^U-all ^ 3*ull jL^aa. (_>^J^ I jjj 

r' g =y^-kdl (25-3) 
^obs=— (26-3) 



^jjSSj i-nViHiil jmH sAjitll j J\) fttM\ 4*JaUJl SjUII jjSjj Jii« J"jju» <jjaa* : 21-3 <Ji>i 
.(19-3) J>i>« <JjU*j Lwabj » JjAvj ju jlill jjL 

1. Standard Methods for the Examination of Water and Wastewater. 20 th 
ed. Published jointly by American Public Health Association, 
Washington, DC 20005, American Water Works Association, Water 
Pollution Control Federation. New York: American Public Health 
Association, 1998. 

2. Waterborne Pathogens. 1st Ed. Denver, CO : American Water Works, 
1999. AWWA manual ; M48 

3. Hammer, Mark J. Wastewater Treatment in Dry Climates (Desert or 
Desert with Some Rain). Alexandria, VA : Water Environment 
Federation, 2001. 22314-1994. 

4,1 mlm ^ ?4jO*j1I Aj^JaC. LjJjfLllI La .LjiifL ^cliu^a <_fijC- 1-3 

j^vjj ^Jla ?(jj^> n^VI (j-a ftjajXail jjl i all 4_iLaUl Ljil£jll ^ iVlinl AjjJaa^s 



t"n/Vn AoLiiall LjiifLJI ^jij c^jj^a]! oLw 4jj£J f.Lul ^ 

.(6-11 fu-il! t> 1-3 S Jul! ^J) cjXJoill 
7-3 <tal*-a) CjI Jij ^1 U jaVl l3jj=^j kjdf^' (- Lib 2-3 

? jja. jjlill jlc. ^gJJ till jail! JljuiL) jaj jiaxJ ^jL liLal j (8-3 J 
^± <ijJj£A\ Cxlci&l) ^d> La .2Lpij]| AJjIi LjjjfLill ^lk^a ^_ajc 3-3 

^ J) ?L_i jj^all jjjU-o JSb ^ j (7-13j 1-3 c& j*^ J) ^ 
1-3 OHj^l Jl J) ^ j^l ^ J J ^jj l^j (4-10j 1-3 jiifl 

.(18-7 j 

^joUJjJI L-lLujoVl ^gA La .«.La]L) <3 jSlall <uiJJj]l tllLjaj^all *jua) 4-3 

a JJC- tll^^J ^LaJI A aJaj) j-a ( alinal ^1 ?c.La3L !>tsj j all mil (J^a^-a ^ ujfljl 

?(jiUjLUj\j^ jni jiaj-a jLiajl ^SlJ^I <jic. 
<aJU-a]l ^ gil-S^U (JJiJJjll JjJ jA La .CjLuljdjVI £tlLu-a-a L_SjC 5-3 

.(6-11 j 2-3 Sjiill ^ij 2^ J) jj^Ji 0 L>a] j^JI Ju^jl jjJI 

JJC (jjJ _o^_oa1I (llLul JujVI j^C- jj j-a (jjal jaVI (_>al La 6-3 

VLaJ^I JSVl JlSuV! Cjliu Laj j^aJI JiiiV OyjJI ^ 

ellLjjjjjall f ~>^> jA Laj ^ajjl jajl j jujjjill jtaJJaj^xAll ^jjC 7-3 

t>a J£l (Life-Reproductive Cycles) SLaJI ^.la ^ila ^ jj^ jjj jjla 8-3 

.AjOiall LjjjfLJI j tliLoi jjaall 

.^3 jjJeJk t_uSjjll AaLaC. (jje ?<_jHaJail La 9-3 

^iJI La .dlLjaja-all l"llr.j)<\^ a jJuoij cjiaja-a ^Jiaj^a-a ^ 'it ^ ( SjO 10-3 

?^jj^a3l sLw ^ CllLjaja-all jjSI jj j JaLul J.1»J 



.(j^l jJtfl Jai ^ L^jAili lsJ jJI J^J^ tP*- 0 '-"J 41 H-3 
4x. (Persistence) AjuLuJIj (Latency) <jj*£J! ,«jc. j^. j£ jjla 12-3 

.^iu jJLJI j ^jILjSU (Infective) 
^ S^Loll aj^I sWiJ cjLV jll LpujL 13-3 

j_^al^«Vi LllLa. ?LuJaljj3l LjJL QJJ i at ■ 8j£ .jLi.^llj JjjljfUlj i Xu jiiiJi 

La .^jX-llaJI jj*^ (_P a 'j & ' UJ^*d Lti^ (j^aUiuiVI oLjaJ Ia^o. (jj^J 
£?-J) ?*-LaJL (j^al^aVl a^A Jl&jl AalLaiaJ t hhV\\ Uii,l (_ik jJJ ^1 CjUIj^VI 

.(15-7 j 5-3 Cj! Jul! JJ 

j^A La .Ajja-aJI ^Ij-aVl ^ AjjjIJI jaJ' 4j-«A^ (J^Ls 14-3 

J-al jaJI U jjib ^1 j a W\«\\ tllLV jSI ^ pLalLl 4j jaiJI AjoUJjII (j^l j-a^l 
?d)Lll JJ^JI <UajJ jj (j^al^a^/l aOA <j-a jLiajl i <3J <— il^ ?4j^iull 

4j^La JJC. aUa ^ AjjxaII CjLoj jjaaJI dll jLlkV jl jlsfyl J-la. 15-3 

A m \l ^ 1 " )l > i) j joall jj-a Jala i^3^ ^ ^» ■ ■">..' j^J-^J (_>^Lv2ujV1 (j] dua^j .1 Jinn 
?4jja-a]| CllLuijjoall jLu^U ( _ s j-*ajJ ^gia ? Ji 43.1 J^-^J ( ^ tAjjLaJI 

jLiii.1 .dlLiijjoall JU-lajj t <ui^i Aialjlall (J^LLalL £jJa 16-3 

jj£-aj <— sjS a jlSj ^ diL njjuall 1c j t < 1 <J^ '(_£ '"iiVi'"" 

?(PFU) ^jUx^U a.K\a\\ cJi*. jL cjU jjjall ^& ^ j;U3u3! 

jii jojj dluLijai L^jUaJI jLikV ^Ull «.l jA La aJtoJ j "ajLwu 17-3 

aLw jLlkV Jaaa 101 <lwJI {Ay «1622 ALjiJI ^ ^^jjJjjj^jIuj^I 

aLw jLui-V Aij^lall a jiA ^I 'lViuiL . a jjOj j jAjoi jojj j^ll J^^jl AaaafL Jj^?- 

?<jJaiLla (j^a jjjl ^L-^xaJ j ( 'o/ii^ UJ^ '^LaJ '2at'4 „ ^51 j-a ^ JjiaJI 

^jj^jj_ajj-ujljjj£]| (j^ajJJ Clljliiklj ^jaj ,^111 dll jj'-i «11 Ls lc fi) IjLa] 18-3 

? aJjaJI (jLaA^a] Ai^L^a-a]l j t 'ani^ll J>JJ J 



lj\ dlAJ ?c.L<JI jjl L_Ljjl j££ Aaj jl jail bjjjflill ^^Viin' liLal 19-3 

jl^)J! AjaJajoJI oLiaII ^ Ajjjl jail LijjjfLdl j li (jj^J (jl j^-«J 20-3 
CLiLjj j£-aJ (Ja .3jjo1I l— la> jl <C J j«dl ClAjl jJa. jl jj jl 

?Lja*j IgjJaatJ jc- 4j^lall j-iL-a-all o^A ja Ajjliall 

f U]| j^l Ajjl jJI jl jail ^U^M uj^J 1^ 21-3 

?2L>ism cjUjijiii ^WV 1 j^vi t> j^i 

?0157:H7 J j£ U^j^j J WAuAjj j£ ^U^ 1 ^L&^VI U 22-3 
jlii^V cCjULuM JaL-J yj t(«.nMI j^) -^-j IjU 23-3 

iAallall ^cjtjjll jgj sU-al C-ljfiVI JJlxlall (— 1 joiVl ja^j cs^ 3 ^ 24-3 

?4j3jjj1I j j^jMPN _SI ^Ly 



L^uVi 


(ml) Ai«JI c-j*. 




5 j-5 


1 


0 


5 (>4 


0.1 


1 


5 a- 2 


0.01 


2 


5 (> 1 


0.001 


3 


5 t>0 


0.0001 


4 



5800-1000 <2200 

J$j £>La] LJ jjj^l J^fclall t_J jJ&l ^aiLj JjLj (J Jac.l 25-3 



5 (> ^j-il l^lAl 






EC 


ji^ J 3 JjjjI 


5 


5 


1 


0 


2 


5 


0.1 


1 


2 


2 


0.01 


2 


0 


0 


0.001 


3 


0 


0 


0.0001 


4 
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did j] jail j u_iUj jijaU AjSjjj]! J j-ia. La j cMPN _JI ^JLu f£ 

c_Sjj**a aL-a] AjoJIj 4_aJl»-a ^ La a (j-a ^jaij-«j JjK-a (jjaJSJ J^-£^ ^ 26-3 
jjjjj jj (Jj j jl ( _ s ifr (_j jjaj 1 0 iaJ jjc. liili j 4_iKJI i— jl JjiaJil 

a*jJ dil£ t^jLjaaJI .100 ml qa 10 ml Uj^a *tjaL cjjjj 

i—njUVI dll&laa JJ^-L £-« I J-aj ^ JUJ ^ ailj AjaL-^a a^uiaJI <-_iljlj! 

<jajjj j j^a. ^.a Laj MPN index/100 ml ^ijja La .Up* ajXI j£*-all 

?%95 -II 

*LJ -> ^'--t ajlcV AjJ Jjll CjUj jl jSII jLua.1 JJJ^t-a Ulc. i-i&J 27-3 

<al^ jLua.1 dl*l Jc bl£d .23/100 ml >j 2.2/100 ml > *aL*L-i*1! 

JOaJI jA La tt-Ujbl sjjic. ^ 4jjC ^ 10 ml Uj^a eljaj ^ kil 

MPN lUL«-o £-a uAi ^}AaJ (j, ^ T J <J iA^ri L$'^ ^>^l 

?100 ml l& ml 23 > MPN j ?100 ml JSJ 2.2 ml > 

jLua.1 Jc JjJ ^ill La jj jSII Lja&jll L_>LiJI - Jja.jll jLua.1 <J 28-3 

?2UJ jj djLu jljill j ?2U£ll cjLu jljSti ^UJ 

4_llL<uaJ JjISjI CjLu jJ jSII jLua-V aLw 4Ju& ^ ja.1 i_L^> 29-3 

CjbLull Jc bUicI AjilJI t_a jj^JI eUJ ^aaJ BOD t— boia.1 30-3 

DO c6.0 ml = 300 ml Sjjjla dm^l ^1 Uij^l aLw ^ :4jltl!l 
Jlgjll BOD _J 5-aJ La .4.2 mg/1 = f U wkJ DO t8.1 mg/1 = JjVI 
.(290 mg/1 j 195 mg/1 <-jI jaJI) ? f jJL 0.1 jL-s & J lP 3 ' 

Alajii djJS 4ia..La] ^cJLt-a i_ajj-£a «.La Jfr ^jjloua BOD jLua.1 l£J=^ 31-3 
^JjJI J Jjaja JA^aaj jl ja. (> S Cjja.1 .600 mg/1 — J 5 — S 

t? ifb ^ill ^Jl ^> jl^ia La (1) .200 mg/1 ^jL^ BOD ^ ^Lu^]| 
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t-luaJ (i_j) ?£■ jjll till jbikV j <-jj^l aUa] ^kai jlall CjUjiLill ijfc)/ <Ul,WiJ 
Sjilll t> JS ^ ^JjVI DO —SI jl£ I3j oUal BOD 

4 mg/1 j 3.5 mg/1 ^jLau ^aiJI 8.2 mg/1 cjliuJI cjljjjij 

^^iluil .^Ijall C5 ifr 4j- jjluiftll L_sjj^all oLlo 4_ilxS j jjll jlkl ojjjliS 
SI ojjjli ^aA^LaLa3l ojijll ^ jl t_yaj&\ j (I) «• JpJI t>» diliLjaVI 

2.0 ml (!) W^l) •£ J3 31 J 1 ^ 1 ^^'"'^ ^ t> %10 BOD 
.(560 mg/1 (c_i) o jiJI t> s jiJI t> 7.0 ml £\j ^jul! t_i 0 Ua ^> 

^U. L-ajj-a eL*! WxaJ Joa-all CjjIj k j BOD <-_bacJ 32-3 

jjJ&I t^j "BOD Jaixi-«j j^ii-La jUrkVI CjULj ^jio bLuc! 

.( bikjll aLiAJ ^jjj^ll aL* ^ %2 —J 300 JJjl j3 tlwL (Ji«-a 

bUd ciili j mg/1 8.3 jjJ jail JS ^ DO J> jVI <-J&ll o^V! j 1 * J 

DO t— lULla i-llljUj dul£ j .l& jj> iaaJ .iaj I j^^.^. IgJjjU-a Cluj jjjI j3 

c fJ j 2.2 t6.7 mg/1 = DO c^jj 1.1 = t J3 ^! jjJ jill (>jJI 

.2.4 mg/1 c fJ j 14.4 <3.8mg/l ^jj 6.3 <4.7 mg/1 c fJ j 4.3 <6.0 mg/1 
jj& Jjajjl ^w^J jjj^JI Joa-all dulii A: j BOD 33-3 

J"^a-a JJ^Sl] cBOD-time <\j ( _ 5 i^i« ^ji aLa^. 4jj£JJ 4-aJU-all OxJ 

Sjjjli <J£ ^gJj (—a^j^all sLlo ^ 60 ml 4iUialj ALUala CllljjC. £jui3 jjjJaaj .k 

jj^Sil UJoc-j jjj'jS tij^j dijjjL .^joiia]! sLw ^ 240 mg/1 Igjtii 

(jk. J j^-aaJl jilkl j ^ jjJ jill .8.1 mg/1 ^ DO —51 

t 7.2 mg/1 = DO ifjj 1,3:^ gjljjll cjjl£a j^jB ^ DO ^Uj1« cjULu 
mg/1 8.3 c5.8 mg/1 c^jj 5.3 <6.2 mg/1 ^ jj 4.3 <6.4 mg/1 ^jj 3.3 

.3.5 mg/1 ( P jall.3 '4.5 

^j^j^a oLi-a ^gic ^j-^ t-j^j^a oU>a ( _ 5 Ic BOD jlfi^l L^J^-' 34-3 
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.LuLu k Jo*-a jj^ai 4aU <joiAi.-BOD i_baiA,l tBOD-time ^aAo ^jjoj 
tj^ 4.5 ml j %1.5 ^_>* jIjic-V <■ foVi °t_iAj <— di^.^ 

^ 8.1 mg/1 ^jVl DO u 1 ^ -300 ml SjjjlS JS ^ ijj^l e U« 

0.63 ^unnJ jjJ jSII SjjU-o jjHi .Ua=>^ jjj! jS cjX SjjU-o 

mg/1 ^jj 2.8 c4.2 mg/1 ^jj 1.7 '5.6 mg/1 ^jj 0.9 <6 mg/1 = DO 4 fJ J 
.1.7 mg/1 * fJ J 5.0 t 2.1 mg/1 4fJ J 3.9 *2.3 mg/1 ^jj 3.6 .3.1 
^Jc cjljliii-VI t> Uala! ^ alii <=.j:ull BOD cjULu j] 35-3 

blxa £tJl*J <J^1j 4 Its a qa jLiJI (jSJoll qa <c.Loi 24 ^jic- 

i_Jj3 l " it *m II llrt .n^. jsiji^ Jojujjj ^JjIijj AajAa L_S^)j^a 



17 


13 


9 


6 


5 


3 


2 


1 




23.8 


20.2 


18.2 


14.3 


13.6 


12.5 


6.3 


4 


(mg/1) BOD 



t_Luia.l j .*U Ajau^k-BOD j^s. j jj^jll lJjILi BOD lulu <Ji* 

.£ Ji** jj^sj ^j^j ^jl! JALa ^1 aiA Lulu Jla 4 (time/BOD) 1/3 
tJ ]c tliljLlkl <LoiLJ ^ abi aaj^II BOD CjUU jj 36-3 



12 


9 


6.1 


5 


3 


2 




390 


345 


280 


252 


150 


50 


(mg/1) BOD 



^.jj) .j»U ^oiAi.-BOD <Aia j ^jll JALa BOD Lulu Ji^ 

t 1 ^ 3 ^ — ) |»ja t_Uita.l .(15-3 tJ$J&\ <_Haj*U tt *qK1 <j-aj A\ 

.k J^-^ (>>jll (JAL 1 ft}S3l Lulu ^jujj! 

^^Jb talajcl J^ISjj Aclu^a i_aj^ oLaJ BOD 4-<u3 J^a. 37-3 

.(—UjoijjI] lllxjJaa. j ( - lik- Aaj^a ^jjj^a oLw qa ajiJI .AjUjII CllljUjll 
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(mg/1) f y <^ DO 


(mg/1) JJ DO 


(ml) 


(ml) 






8.8 


1.5 


5.0 




8.7 


1.5 


6.0 




9.0 


1.5 


7.0 


SjiJl BOD CjI jUaJ 


5.4 




0 


15 


5.5 




0 


15 


5.7 




0 


15 


Li j^l »UJ BOD jj^iil CjljLiik! 


0.5 




1.5 


8.0 


0.8 




1.5 


8.0 


0.4 




1.5 


8.0 


3.1 




1.5 


6.0 


2.9 




1.5 


6.0 


2.9 




1.5 


6.0 


4.6 




1.5 


4.0 


4.5 




1.5 


4.0 


4.8 




1.5 


4.0 



a j3 4jjlic. i <=JU-a i-ajj^a oUaI £jjluu> BOD j^jl 38-3 

0 Lw t> 300 ml jj jjJ ja jIjc) ^ 20 ml U JjLo *i jJ .S 
LS lc <cjJ1jmA\ diLiuiil BOD jjjI j3 di .l-ujujjjII i'hi ^ j dak. L_ajj^a 
ojiA ^cjLu ^al .ojiJI jI^a qa 2.0 ml j 4_jc.li^a t_ajx^ oLl« (J>a 1.0 ml 

mg/l= Bl) .BOD fja l-ax-J >g JU]l Jj^aJI jUiVI jjJ ja <> U-AuJI 



Jjti. BOD iS J S JU ptj .(1/300 mg/1 =p tO.10 = / '8.2 mg/1 = Dl <8.2 
-BOD 4-<ua k <_fr»-« <Aja JiS f^U -BOD <asS U t^jll 



.(^jJL 0.07 = ifcj 900 mg/1 = f U 



D2 
mg/1 


B 2 t J3 11 
mg/1 




D2 
mg/1 


B 2 ^jjJI 
mg/1 


t>jJ1 
W) 


4.1 


4.5 


7.9 


8.2 


8.2 


0 


3.8 


4.1 


9.8 


7.2 


7.3 


1.0 


3.5 


3.9 


11.8 


6.4 


6.5 


1.9 


2.9 


3.4 


14.0 


5.8 


5.9 


2.9 


2.7 


3.6 


15.6 


5.3 


5.5 


3.8 


2.1 


3.8 


19.0 


5.0 


5.1 


4.7 








4.6 


4.8 


6.0 



La .^jaJ <LaJU-a (_S^jl^3 £>LuJ ^•jjl^a BOD jLukl jajl 39-3 

.4c jjIowJl t-fijj^l oil*] j ojjJI jLui.V DO <-jI jlll jj-y^Vl CLiULu 
jjc (l_Ujuijj11 >tn j lIiSjc- i—ajj^a oLi-a) Sj^jII BOD jjjI j3 di^k. 

AaJU-a t_ij^ aUJ BOD jJjjS .300 ml Sjjjli 15 ml AiLJa] 

.ojjijll ^ 1.5 mlj ^jjj^JI aLw jjx 2.0 ml 5iLjab * jaj 



jjj jSl! ^ DO oluLS 




(mg/1) 2x. jjl^ i_i oLl« 


(mg/1) SjM 




W) 


8.1 


7.9 


0 


5.5 


6.5 


1.0 


4.2 


5.4 


2.2 


3.7 


4.9 


3.0 


2.5 


4.0 


4.0 


2.1 


3.8 


5.0 


2.1 


3.8 


6.0 


2.0 


3.6 


7.0 



t JJ 11 J^J J 5 cA?^ DO jl£ cjljliLkVI bUid 

clL^j^ ^ J .8.1 mg/1 «j jj-all ahJ jjJ jfl ^jSfl DO j 1 ^ j '7.9 mg/1 
j^a. ..jaill A^JU-a jjui oIjaIj ^c.jjlauJI i— eL* <jx J^BOD-time 

.4-uLJI Cj! jLsJi J-lkloL k Cj^-^-a j *U <jau>i. BOD a^a 



cIjUUj ^ bUiel .cJJJ^ a£&] Jak^l jUjj p c32-3 BOD 



TSS ajISH AjI—M jL^I 


3 


2 


1 




53.073 


53.252 


52.842 


(g) teji jjj 


102.8 


104.0 


110.0 


(g) 4±*}\ jjj + (g) l&jU tSJaS jjj 


53.126 


53.308 


52.902 


<jLo3I jI jJI jjj + (g) Ic. jla (JJall jjj 
(g) fcUfl 


53.092 


53.287 


52.859 


<jLo3I jI j-JI jjj + (g) Ic. jla (jJall jjj 
(g) aSj^I 


SS AikJI 2uL^]| oULu 


3 


2 


1 




0.1152 


0.1165 


0.1160 


(g) j^j-^ ujj 


72 


72 


48 


(g) *M (g) ^ 


0.1332 


0.1353 


0.1270 


(g) ^l—S Jlj-B ujj + (g) c^j^ 1 uJj 


0.1198 


0.1208 


0.1170 


AjL^II J jJI jjj + (g) jA) jjj 

(g) *ijs~s 



AjIUJ SjUL c jLI ((1070 dlOO (1050) TS = 1070 mg/1) 

(690 (410 (750) 720 mg/1 I = (TVS) (Total Volatile Solids) 



Volatile ) c(250 * 261 * 229) 250 mg/1 = (Suspended Solids, SS>%69 
.(%79 (186 aOl < 208) 198 mg/1 = (Suspended Solids, VSS 

lAjLui.1 j»j^J <LaJbua uj^j^a oLw ^JiC A Ai sy\ jA\ 41-3 

Jx. bLud .cjl j'ji^ JjWill jUil £i .39-3 ^ BOD aj^al 

Total Suspended ) *jKJI 4.^11 i jjSI Ji <.mr>l t^VI djIjLikVI cjUUi 
j| jJ! t (Total Volatile Solids, TVS) S jM jI ><JI ^Solids, TSS 
Volatile ) S jULJI ^IkJ AaL^J! A jA j ^Suspended Solids, SS) *ik*ll 

.(Suspended Solids, VSS 



TSS ajISH 'aA^W ijJI jUi^l oUU 


3 


2 


1 




50.326 


51.999 


51.494 


(g) l& Ji ciAJI UJJ 


118.4 


103.4 


109.5 


(g) U JJ + (g) '^J* 6^ a JJ 


50.437 


52.081 


51.587 


(g) AiUJI all j| jaII Jjj + (g) lijli Jjikll Jjj 


50.383 


52.042 


51.541 


(g) 2 jL all j| jaJI jjj + (g) lijli jjj 


SS AikJI <jL^1I jULk! oULu 


3 


2 


1 




0.1170 


0.1170 


0.1154 


(g) ^J^l UJJ 


30 


25 


25 


(g) *M (g) =M r** 


0.1278 


0.1259 


0.1241 


(g) V— H J M ujj + (g) ^j- 11 ajj 


0.1178 


0.1173 


0.1160 


(g) ^j^-JI ajL-B jjj + (g) ojj 



SjUiJ jI^JS a^jiA\ <a^S\j ajSS1\ aJu^\ djJl Will <.mr>l 42-3 

j])W\\\ ^ sjUJa ^ ^1 j AjKII 4jLa3t J ja!3 4.1 mill j 44jjxll ^ 

.(11-2 ojSflll (jfl 4aL^ll j| jA\ £*.J) 'otaa. ^-Sjj^j sUaI c£Jji-J 



50.160 


(g) JA^\ olj^l > Uji JiU jjj 


50.2 


(g) -W^ L)' Jw-* ts^- tif^ 1 UJJ 


90.8 


(g) sLaJI (jjjJall ojj 


52.783 


(g) sLaJl <3UJI -AA^W Jljjl ^ Jjall J J j 


50.969 


(g) AJji'. all <jL-all j| jA (Jjlall jjj 



?^jjjMoll oLuJ AjjJ^JI AaJLuall CjLuIjIiVI j Ljjn^iM jA^ax jA La 43-3 

.^aj] J«ajll sjJ^aJI 4_uUJ^)ll (_L>I j*JL <Lojlii 44-3 

dllSUajJI ^3 ij jjaJI JaUijJI ^ Sjl jaJl 4-?.J-S JJjJ jl O^Al ( fljS 45-3 
^1 SjljaJI CjUjJ oijj jliLa La 41.072 c^jLau 0 <Ai3 <Jai ^ 44lu^j3l 
lli.il j lij ?(Jj*-all i toj^a) %100 jjajl JaLSull Jia-a SjLjj L^jllaJJ 

jjajl JaLlj]l SjLjj jl^La La 5°C jljlaJ Ojl jaj <*>J± 

tjd Ajj^j <tLac Cjaaj! 4640 g/m 3 . d U j.aa BOD ^ J 46-3 

4jc jj] BOD ja^. jjSj jl in ^ .1 jlla-a L>jU. liai 425 C Sjlj^ 

.(1000 g/m 3 . d ljI jaJI) ?^ £ jUJI jLsM 

Alm'n Ajt.'ii r-i Uajx^t oLw 4jJ£J ^gi (BOD) (j^aliikil Ji*-a (j-aSLu 47-3 

.16°C ^ij 20°C t> csjf^l j^^l rfj* Sjj^ o^^ 1 ^ %20 

.SjjaJ! lLiLuo t-ujoa.! 4 17-3 aJjUaII J^iluuLi 



j^ill ajj^aII CjUj i <a« II La ^liiVu aLai. ajj^j A-iLac. ^ 48-3 

jaII <1U. SJaAlall olaaJI 4_iLa& jl i.i->j liUl 49-3 
?t*Sjil jl jSLal LjJUJall (> jl^cl ija^j ^Jb I jUl 50-3 

.J jj_&A «UjlxAJ LuiaLj fl.ll.laj aJ _5-taJI jAill Jaj^jj t L ^» 51-3 

jjS _aliJI (j-«s 4 a jj _aaj jj-aiull 4-ujLiI A\m\ui ^>"' 52-3 
L£UJI ^ j£\ JiJ! AJJAJ ^jj .^JLs (_£ jjjfL ( -|/n . n«i t^ii-a <— Ijjj <ji Jj^jaJI 
La (_5^J «37 C U^i AjLjaaJl (j-a AcLui 16 A*J ^J^)^ Jajuij '<-i 

AjtC lji*-a t j-ajll Jjx-a LuLu Jla .^jVl JjSjliJI jjSI jjj jajJI ClsV^Jua ^ 

jAill lT^-o <aJ^ < L^aj jj^jlill jj^Jj) ^LuiVl tllijj ^gJ^a^t 

(jjLull klaa^l tff ic 4JjLxaSI ojA ^i^ia ajuijl j 19-3 Arj.^i; <taU-a i_£i£l 

jj! j ,xJaa £jLs (jiill ("nnmrtll I Aft jaj jg kj .CllljLull «ulc dlLaai ^ill 

ja 4i^lc oJ-i^j La£ 





( 4 10xJ^) 




( 4 10xJ^) 


0.94 


0.8 


0.23 


0.1 


1.06 


1.6 


0.28 


0.1 


1.15 


3.2 


0.32 


0.2 






0.71 


0.4 



4 JusiS 



<j3ja S I sLiaJI Lti.j3jj.ligJ 4_s.ic.la3l ^-lA lLall jl .eLixill ( . 1j3j 4_uilj__ -uali. '"^ j;-" il l 

f.L_JI iaswua 1-4 

_£._J $.1*31 j) .J_L_3I o.__-j ,J JjL_ jLiu m 3 

1.94 slugs/cu ft l$ lS I 3 *-- 3 1 J^S ^ ' ^ j (15°C) 60°F Sjl j_- 4_*.j_i 
»UI {> (1.0 m 3 ) 1.0 cu ft ^ JUlfill 1_jj_u3 ^.Ul SjSB jl .(999 5 ) ^ 

-LujUJ ^jLouj 4jjj_Jax, 4il_dll S jail aJlA J_.Uj j .(9 80 kN) 62 4 lb ij jluii 

.(9.81 m/sec 2 ) 32.2 ft/ sec 2 ^ j 

jl (U-4) J-L--I J$J-U .4\__lu_J j ^^Jc A^jUaSI a jail jA JsJuJall jl 
0.433 (_5jU*j (.Lal\j b«. jla-a 1.0 CU ft A ftltj oOcli ^gic. (JjjjUuJI I*>t > ^11 

j3xl3 jSI CjUILl^aj *.lall JaiuJa jc ojlc jS*j lilal JJ-^I i** J -Psi 

JLill) A^Ja ja cjlo^ jll aiA ju aSXJI jl .Psi _Jb j (Feet of Head) 

elaJI Li,^ Oil jl; .0.433 Psi 6J^3 UaiuJa 1 ft £-Lu aLw "jlc Jiy djJa. t(ll-4 
LjjjJa-a 0.433 3 jLuia Psi 5L ^» ■ ^ jj ("n-^ i ^Jajadl dlau JjAaJI £a 1 jItn 
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Uu«f\\ j Jaaa Uaal J jiuJI JaiuJall (t-Jl-4) J^> Jfr^ -f^W IjiLa t^axlL 
^Ic- J .1 Psi aj^a aLw -LiuJa ^jjj 2.31 ft jlc jl ^ Jiail 4jJa jja-all 

1.0 Psi aj^a LLi^ jli ^^Jl ^ j .0.433 Psi <J&&i "Jc 1 ft J* ^ 

.'jkil 2.31 ft -J iJ\<^ 




(i) 1 .0 ft of head = 0.433 psi (^j) H = 1 .0 psi^^: = 2.31 ft 

fUJI 'jlc <> j.|jaS j Psi ji fUJI laui (Joj cjLfcU!! :l-4 <JS^ 




P =9.80 kPa P (kPa) = 9.80 H (m) 

(i) 1 .0 m of head = 9.80 kPa 0 kPa of pressure = 0.102 m 

f. Ul ^ j> jlii j kPa f UJI Jaiua V*Lu&l lil&Ul) :2-4 <J£A 
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CjI^. j\\ SI J aU« "jlcj ii^-a tll£>lc 2-4 lM ch 3 J*J 

("1V1 #,LalL at- jLui 1.0 4 c-lcj o^cla J^ (jjfaAll a» » ?ilt (jj 

ojj LLJuJa Jlu aLw Jc j> 1.0 m jli tSllil j 9.80 kPa ^ jL*j 15°C Sjj^ 
Jc ^ 0.102 m ij jLou Jai*iJ! <> 1.0 kPa J J c9.80 kPa 
J jaII (Piezometer jiajjjJI) UyA \ U . al l ^La jl^a. 

• iaijuall l " 1AJ c-Lall (j-«s elcj (jc £J&JJ JJ» > t_jjjj| (j-a ('3-4 (JfLllI) 

oj^l (jjSj La Ij^Llj . JJ'^i^ all ^Lall a» > a Jc t_ljfjVl J «-IaJI Jjj 
_olc oj > >y\\ jjLaJ I Jaj tJaauJall ( " il i tiLlS J 4jLic 4_uLall j!La j jajll 

(_>jjljaJ (JjJjjll (j* 4 ^ J^C- aI ml (j^-<yj Sftl jSl A j mil . n jll f.Lall s^-aC-l 

(j-a J£l (_3f>jH UJ^ 'A'"'.' Jj^a-s jlc. <JL>-a tjAJ-^ lilljj tljjm'l 4jllc JajijJa 
UaiuJa JlfL (JJJjll t>a 1 ft ejii ^lc jl ^jjaj li&j 4 - oja 13.6 Jljaj 0L4II 
jla jjLa) JLu j SaiuJa (jiaLal 1 klaa a (t_l 3-4 JfLill) J^aJj -5.9 Psi 0 J-SS 

t_i jd JLoi jjj JjUJI JajiuJa jjj (jjall ^jL-u Lj» . al t a#.l j3 j] .(Manometer 

j^La^/l J tllliulaall Jc till jlajjLall ^I^Lul LojaC j i ajL j .U J^" ^ 
.tlutj (jlL<u S^.1 jll JafjjJ tiua. ^sli-all 

(^3-4 JLill) (Bourdon Gauge) uj j jj^ s -^=- ja « . J a <jiii 

(Jj^Xa jjoi^-a £-a ajjlj (J^ ujj ' " Ua J ^gja La ( _ s ^JLi1aI AjtJaSua L_s_a^a ^jiua t_i_aij| 

I <_L>»J ti_Sjif^l (j-ajJa Saa 1 all .iLpjl ^-a j . <lmll<a <L^aj "Uajoil Ajjlglj 
(j£-aJ .^jLkll jaJ (jiiULall s^aJI ^jUjjll lil^pJJj tUjjIj ^ J (jl Jj (^^b^V^ 
(jjJj_oJ ^jjjJjlLa (JJiiSij .Psi tlll^a. (jjoliLall Vi» ■ >> I jl) Ji ^ jiall (j^ajall ojjLat-a 
laajJall jl JaijJallj .(_5j^JI la«jJall Jj <iwu3Lj kajJall Ljixfl till jfLajjUall j 

t"l^»"lj .((j^aj^l ^Jajai (Jj3 «.lj^JI tj-a A^jawJ! <1j£1I jJ2i (jc ^ijj (_£ jlaj jUll 
kPa) J 14.7 Psi J»j1I ^kui ^ic jla jjUll Ja^alt jjSj t_a j Ja 

iaijJa <laj3 jli ^ jaJI iaiuJall ^ jjSI (jallall JaijJall jl£ Ijli .(101 
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(_£ jaJI JaiuJall jij-al <jiia]| Jai^all jl£ 131 Lai .(PreSSUre GaUge) (jjabLall 

(Absolute (jUa^ll Ja^jJall La! .(VaCUUIIl) frUaJI ^Hu^uu jLl}3 

.(jlLJI jLuall <j.uo1Li ^ j^JI lJuJall s*l jSl ^.iVw.n ^liu^a j^i Pressure) 




(!) M <c> 

f UJ1 JaiLi o-Ua ill jj| :3-4 Jii 
j^I-Imu^ ^l&te 2-4 

^JaLaJI 4^.1 ui^ij t4£.jjaJI Jaj-ujlLa j cc-LaJI ( ■ iLluul 4_ia£ (JJJ 4iDLtll (jj 

e = d-4) 

(m /sec) cu ft/sec s j^Ls 4ja£3I = g tlya. 

(m/sec) ft/sec <c = V 
(m 2 ) ft 2 ljLujo&U ,jJaLJI ^.Loui = A 
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Uuaj .(Continuity Equation) 4jjI j^l^VI <taU-<u AJLu^ill o^a t_ij*j j 

^ju^sj) ^^jJa^xll ^JaLall nxi ( " u ,^1 u jli cJaliuJaj^U jjC- (JjLoJIj (jl»Jj 

.(4-4 lK^) (j^allilai 4^.Loia11 tlubjl jli 











© 







LlxJaSU iU3 jjc- Jil >j <-iUuul aJjU^ :4-4 JS*i 

Ac-jjoill jlc-j lai » >ill jlc. c^UjjVI 

£ = Z + ^ + — (2-4) 



axi l asllii "jic = £■ 

LS XJZ. J-a <_£ jiuUS jC. jVI = P 

U i all =y 

JjLJI sOs. j = vv 
Aalliall ^-jLau = g 

ALU-. jL: 5-4 Jiill UljUl ^ 1 AJaiill JUO J jiLSB -kiJ jl 

(jjjLlLa oba ^ eLall Aulj J.^j.o (jill ^lijjVI Sail . all "jk. ^ jLaU .4-jlSll AaUall 
(J JluiM j^a Z AjI jSLill AiLawJI ^lijjVI jlc ^jLoUj .i_ijjjVl t _gi 4 aaJLall Sail > all 
.^SjIjjJj^II ^1*11 jA jJjl*ll jJ^A jj • ( -r>j^VI lA ijr*^ 
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J ft-sec-lb j t'KvWiuil I ij j .4al£3l 4iUall Jj Jj^aj jjO^Ji 

.piL jjSi^ <L^»aiall ^kll cjLL^. J£ jla 2-4 
^Uaj ^5! J ^Lu^a h L ^IIx^aII l&ajj -3-4 4J^U-<JI ^Vn.n^ t(5-4 <J^) 

jl.1*. j lilja^loll jxi ii31£ia.Vl <_£ jii Jl £-=».JJ Jj&ail 4iUaJI ^LijJa j .Jjii. 

^uUll (-jUjudjVI i-JJajJal AiUall ^Lu^ tljJl=kJ i jil j t t_j 

(Energy jUail £J^W 4_J£]| 4iUaJI -ialaj jjj J^l jll jll Ja=J 

0U0L U Joaj jl iaaJI IjigJ Jtjijj .(Grade Line) ^j^JI jl Gradient) 

ju J^al jll JaiJI 4jL JLd jjOj^JI jH]| <_a jatJj . Jllall Jjjjoi Jc. <ijJsu> 
Jojj JJC o-lpau ^JJj .JaAjJall ClllaUa j ^lijjVI <_£ jiui* 







1 - a 




^iwi £ 33rcr- 


ife_r 


29 T 




M 

0 


■ 2 * 

f 

2 




< 


» 



i^Ufifl fUl iJ*-W J AlUaJ! 4JjIju :5-4 Jii 
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Z 1 + ^ + ^ =Z+ J^ + lL +h (3 .4) 
1 62.5 64.4 2 62.5 64.4 

ft t £l£ j^l =Z ^ 

lb/cu ft cJai^xll = P 

ft/sec 'Ac j^J = y 
in *jlsdl Jaa = 
lb/cu ft (#UI J£ S^j = 62.4 
ft/sec 2 c2g = 64.4 

^UllS AJjlall djl^jll ^ 3-4 <hLUI (jc J«JJ 

Z+^- + ^- =Z+-^ + -^+h T (4-4) 
1 9.80 19.6 2 9.80 19.6 

JUL ^Uj jtfl =Z 

(kN/m 2 ) kPa c-Li^UI = P 

(m/sec) 4<c jjJI = y 

(ft)^L t'jUl aaa = ^ 

kN/m 2 c*U1 J£ S^j = 9.80 

m/sec 2 c2g = 19.6 

( ^uij)\^ 4jjl*-a ^al-lklLmlj t_J J±l)}\ (j^i ^jLlI jail * .iaS < ■ \\ > (j^-aJ 

(Darcy Weisbach Equation) £ lunula 

ft tiaxjUl iia = fc £ MP- 
K c^l^VI lU^ = / 
ft J> = L 

ft/sec ((-jLjuujVI y 
ft _>3 = D 



227 



.6-4 aLUaII ^ j.,lAun'il 4jjLa 4j jjia> j i_J jjjVI jlafl ^JtC taLajcl tdJj j 
Aac. jail jkVl djtaai^jtj djljjflAjH j ( " ; ■ a j CliLaUu^all ( ■ LLmJ 
t-JAuiJ ^LuJa tyJj AiLjaj 'jlaJI Cjb jiLL (j'unn La Cjtwul ^fl U jixJal 

4jjlLa Ltujaj Xsp -Ljcjill 1— il aa 1 all j-a ^jlil! Oaall jjSj liUi tir lc j <4x«Uaj 

jLjcI CjI j jail tlAaaU j CjUUu^all ^ ^jjjUill Cjb jaall t^jJa aJo^J 




(m) ft & =h L ^ 

(m/sec) ft/sec t^jLuuVI <c = V 
Sail\ cJ-aLt-a = k 

(JiLaJ J.43U 4jc. jjjuj 4jo»aj Sail 1 ^->ll jalij < ■ n^m t_l jfiV £_gilfLa]l JjJall j] 
djLaUaj^j (^j AjilUI JljIaVlj & *j3 1-4 Jj.iaJI a& -^J^ 

,4jliii-a (Jill jjg Vij t—L^ J 1 r-i jj j 



CjI Jjg aJUtj tl&Uufl ^ AajjjiUl £^1^1 jkil (lib jSa :l-4 JjA^ 



( sj^Vi jiyi) yis-a jjiJ 






20 


0.60 
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60 


1.80 








tJ* 90 


32 


0.90 




27 


0.75 


Ja — uj jlLo ^ — i 


20 


0.60 




15 


0.42 


45 t jS 


17 


0.48 




135 


3.7 




40 


1.2 





>a = & (•) 
1-4 JUU 

<jLuij=JI (>> 5000 ft -UjJaj 24 in. a jLa l_i jj Jai. ^ ^1*11 iia i_iui^J 



.10 CU ft/seC a ^La LjUuijl Jib (s = 0.001 ) oLila jl ^3 
1-4 4JjU-all -I ^ 

T7 <? lOcuft/sec . . . . 

V = — = =3.2 ft/sec 

A 7isqft 

t^Ja*^ .0.017 = / tO.OOl = sj 24 in. = d o^J^J '6-4 lM t> 

5-4 aLU-J (J (J^sjjxjII 

5000 (3.2) 2 

h =0.017 x — — =6.8 ft 

L 2 2X32,2 
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2- 4 Jti* 

3 J tl2-in. -^J-^ t_ Jj-£a -^J-^ 4-1 L>° f - ^ 200 (j-a ' " (— SJjj^^aJ (jj^JJ 
.^.Ij ^jLLs (JJ^-^ j 4 (j n*s"^; dlLaLftj^a j 4-Ljoijla ^iaS ( L^aj 90 ^1 j£l 

.3.0 ft/sec cl^o .kkJI (_U£ jjc- JaiSI lj^I 

SlLx- ^ US CLiLaUu^all j tlOu^ jail 4^l£J1 J >VI i^OiU 111 

^jluU ^il^all l_l jjjVI J jls jU 4 1-4 J j.iaJ 

200 + 3 x 27 + 2 x 17 + 1 x 135 = 450 ft 

0.019 = / «6-4 aH*A\ t> 
5-4 aLUaI! Jjilmb 

450 O.O) 2 

ft =0.019 x — =1.2 ft 

L 1 2.t 32.2 

3- 4 Jli. 

= Z 1 : <^l (jic bUuc.1 5-4 JSjill ^ j* vjjj' ^ ji*SI ^ (— 1*^1 
4 200 kPa = p 2 49.3 m = Z 2 4 1.2 m/sec = V 1 4 280 kPa = p 1 44.5 m 

.1.2 m/sec = Vj 

<>JI 

280 1.2 J 200 

4.5 + + =9.3 + + h T 

9.80 19.6 9.80 19.6 

4.5 + 28.6 + 0.07 = 9.3 +20.4 + 0.07 + h L 

h L =3.4m = 33kPa 

Jai^l Cjaj i-iglA! <ji uUuuVI 3-4 

^joiIj (jUaj ^gic. ^'IVu'i V j 4<aA^a jIxJI Jaa L-jLuiaJ ^Lijouli ^^joijIj <ljUoa (j] 
UaiJIj 2 j j-s-'W C5 lc- ^jUJI (JaJI jJ)l\ t_llLl)j .4jjLaJI CllLaiLall ^JjSjj -,' a » ^ 
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.t_jUoU^I CjULuii. AloiSfl CjV-iU-all f.VVu.n La \Ac tftjlA 3 jfyWifl 

:7-4 <tal»-a c(Hazen Williams Formula) _>U j <j jU <hU-a ^ *U 
2 = 0.281 CD 2 63 5 0 54 (7-4) 

(—iLoii; c^Jjl>i ^JaLa jjc. >>rt\l ^Lall ujUjouI <Ua£ <U.iU-a]| oi& JaJJJ 

4j j uia (^g^C l.sLaJC.1 ii3lSii.l <_Lilx^i j K_l jfiVI jiaS (_J^l£ !^-aJ ( " 1j-s \ 

<\ jaJ ujXoUaJI si* ^a 2-4 J j^iyj 



gpm ti— iLuiuVi <U<a£ = Q 

2-4 Jj^ <<JJ** = C 
in ct_> jjj^l jLa = D 
in/in £ J^ 1 = S 

ijla .<iui 20 15 o^ac (jilll oj^aJI (>> bjjjl Jlaj Ioa j tlOO oj^a 

.^jLJI Li l-i-^ ^jjc. ^ j-u^>-a ^jSj > n .n Jai. dllajalij (j-a LaA jj^Sj <j£-aJ (jj^p-Vl 

Uj-ia <cjjoi <S (jjSiui 8 in. ojlaa i_ ijjjl ^ 500 gpm ej-ia LLu^jl jj !>llaa 
.(0.0085 ft/ft) 8.5 ft/1000 ft ajii "jk & ^ 3.2 ft/sec 
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^ja ■ aJ J-oljC -I laJluAj tlOO (j-a JJ^I d£Lal»-a £-a jlxll Cllj ja2 JJ^ij (j^-aJ 

ft/1000 ft csjl^j dOO = C ^ > iia jl£ lij ^ .3-4 Jj^J 

.5.3 ft/1000 ft = 8.5 X 0.62 gjjl^ 100 = C >jx > jia a li ,8.5 

h= 0.002083 x L ^— J ^ (8-4) 

ft t'jk oaa = ^ 
ft tc_i_^Vl J> = L 
2-4 Jj^ cJ-U- = C 

gpm ti— ilxuuVi 4a<a£ = Q 

in. "JjiiVl = D 

9.4 t 8-4 t 7-4 c>U j £jU Aju^aJ "C" J*U* fg3 :2-4 JjJ* 



c 




140 








150 J] 130 




130 




120 




100 


(jlaj-a JJC. 4<ioi 20 — ftj-iS 


130 




140 J\ 130 




150 J\ 140 




120 




110 
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Ajjlall jib l^jc-Lu^a .Ik- 48-4 4LU-a c^ULj jjU aLUaJ <jj%^ J 

: JUI SI 

Q = 0.278 C D °' 54 (SI AjJU jL) (9-4) 



m 3 /sec sjUouVI a_^ = Q 
2-4 Jj^ <<_W*- = C 
m 'SJjjjVl jlaa = D 
m/m c^JLJjj-iigJI ^jJSlI = S 

djl.li.jllj sjjIiLu jlxll .laa t—lL \ j 

fc L = 0.002131 xL ^ (SI) (10-4) 

m t'jlaJl = h L 

m Ct_J jjjVl Jjia = L 

m 3 /sec ^jUuuVI = Q 
2-4 Jj^ clUU- = C 
m "JjjjVl = D 

<jjU aJjUa SI AJjlall jib 8-4 <_&^ ^ jjUll Jakk-JI cjau 

15 ojaC j-llll OiiaJI (>> Ljjj! Jl<u La '100 oj^S C l5-«L«-« Jaj <j-a _>«L}]j 

J tjlxll iia t cjjjjVl jl=3 tL-ajj.^'ll) CjVjVmM ^ jljj) ^Jacl Ijla.Aiui 20 
jjc ^jjai^a ^aaluK Joa. t " il ■» q"i L«A jj-Isj (j^-<y OiJ^^^ Oi^^ (a-cjjoJI 
aJ (jj%juu 200 mm a^laa i_j jjjl ^30 1/s sj^a LLjuuI jl !>llaa .^Lull klr^H 
.0.95 m/sec U j^a Ac j^j 0.0080 m/m a j^a jlc. jaa 
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jSa jjJiai ^ja^iUI J4I jc :3-4 Jj-ia. 



'^—K = Kxh L 100 = 




C 


K 


C 


0.71 


120 


1.51 


80 


0.62 


130 


1.00 


100 


0.54 


140 


0.84 
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m K—ljfiVI Jjia = L 

m 3 /sec 4x05"= g 

2-4 Jj^ clW*- = C 
m 'SJjjjVl jlaS = D 

4-4 Jli» 

ft Ail ia] 14 in. a^laS (JJJJJ '-r'Jf^ __)JC. 4 jVq-s jjj (_^a AjSja^ oLio £CjJaJ 

gpm 1400 aj^a sV*^ < .<=JUJI <La^ ^J] 10.500 

.140 = C j d00 = C J (jil JlaU 

dOO = C 8-4 SLU-JI ^hVuolj 

A =0.002083 x 10500^)' " 2^=38.3 f. 
/ UOOj (14) 48655 

Lkk tlOO = C i> 7-4 Jl^l ^Ull J ^hVi.L 

£-a ^JalSill ak- o*.ljall (jjSluj .(jiijj 14 jiai' j 1400 gpm i_Ljj^aJ JJC 1 . n a 

.3.6 ft/1000 ft c5 jUi *jU jaa Lk 

/? L = 3.6 x 10.5 = 38 ft 
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0.015 - 
0.02 J 



- 6000 

- 5000 

- 4000 



0 04- 
0.05- 
0.06- 
0.07 - 
0 08 Z 



8 ~ . 

I 30- 
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d40 = C 8-4 *Ll*J ^hVi.ib 

/* =0.002083x 10500 f — T ^ a4 °? ) 8 T = 20.6 ft 
U40j (14) 48655 

(j^ ^j-s i ailll (J-alc j ^bJ' SaJaA ^ 3.6 jJc -iSs A-«J3 ^I.IVuhIj 

'3-4 J j^aJI t> lal^ C —1 

h L = 3.6 x 10.5 x 0.54= 20 ft 

5-4 Jti» 

1/s a jia bLja. cU^j 200 mm » jlaa (100 = C) o4>J '-r 1 j>4 ^] 

? jkJI ^a3 j (-jUjouVI <C jjj JiLa La i30 

JaJI 

1/S lJj^l^j jjc. J^all ^jaLauJI kaJI (jli <8-4 J£j^I ^l^luiLi (I) 

.0.008 m/m .lie "jkJI j&fl ^ ^JaUJLu* 200 mm jJaS j 30 
D = 200 mm = 0.20 m j Q = 30 1/s = 0.030 m 3 /sec 
^\^Uu .0.0314 m 2 = 71 (0.20/2) = c-jU^VI jLjj^ ^Jai- ^La- jj 

4 1-4 

V x 0.0314 m 2 = 0.030 m 3 /sec 

V = 0.030/0.0314 = 0.955 m/sec 

i9-4 aJjUaII ^ (J^jjxjIUj 

0.030 m 3 /sec = 0.278 x 100 (0.20) 263 S 0 54 

n^A - 0 030 0.030 

go.54 - _ o 0744 

0 403 0.278xlO0f0.20/2'63 

S=0.0744 1/054 = 0.0744 L85 =0.00817 m/m 
S= 817m/1000m 

tlO-4 u^yulLj (jr) 

± =0.002131 JmT ^Z = O .0O817m/m 
L UOOj (0.20) 48655 
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100 = C Js. jUc'sfb >U1 j ^jU <iS^ ^1^1 <^ c^u :8-4 Jii 
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6-4 Jtia 

jjj^ijj 4^ij CA^jJom £-a (jl3^ L>* ^J*^ Ki'".' eLalLj jjg aJ ^»Uaj (jj^ij 

.9-4 cJfLill J^J* ('- w '■' j^^yi) (Joa^j ^J* 4 J S-W^ ^f»jj 'cJlc 

= P c '40 ft = Z c *30 psi = P B *30 ft = Z B <80 Psi = P A cO ft = Z A 

(jl jaJI ^ *UI jlua*) dOO ft 
Lo£ i—uAj^l 100 = C ^.^"iml .^SJj-all (jl_^iJt t>°J Uj"' - *' ' -"■"^ (j-a 




80 Psi - i*-a>i1 wi.j~si ia*-» 



6-4 JOUJ kugg »U fUu :9-4 Jii 
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A = 0 ft + 80 Psi x 2.3 1 ft/Psi = 185 ft 
B = 30 + 30x2.31 = 99 ft 
C = 40 + 100 = 140 ft 

5jA u^/z L = 185 -99 = 86ft 
/z L /1000 ft = 86 - 5 = 17.2 ft 

12 in. j^a ^ ' 17.2 ft/lOOOft = h L U^lj^j <7-4 J^l 

- 2160 gpm = Q A-.ua Jj^Ioj 

140-99 

/z L = 5/1000 ft j A On = 13.7 ft — — = 

h L /loooft (c jBo*) = ii2rll = 13 . 7 f t 

2 'H80 gpm = Qj i 10 in. ^j^Vj 13.7 ft/lOOOft = ^ J^V j 

.3340 gpm = 1180 + 2160 = B <L5ill JSc- S JJiJi AjKI! 

SLUJI CjLkJxaJ) <j*ajLai. 4-4 

oLw £3j] jl tLa j-Il^xo ^ p.La]| ^Sjl (LOW Lift) j-ijnnll CllUu^a-a 

jl ^Uaj J] . ^i\ t Ciaj ja>->all (_Ljj-ajl (High Service) 

(Booster a j^*-*^ 1 " & ^ > ^> «\l Lai t^.uUJj cjjjxa iai. JJC. L_fi^)j^a]| oLjx l^Jj* <Vl\ 
dsliuJa-a ^> ^au > ttj (jja» ^ toLvs £JJJJ ^»Uaj ^ La > >y\\ o^LjjJ ^ laJ > iU3 Pumps) 

Oia frUll tiLj^ (Recirculation and Transfer Pumps) J&llj jjj^' 
<*ijJ (Well Pumps) CjIl^A\ ^iViun j t<aJU-<JI 4Jaa~« t>uJa a^JU-J 
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£ya (_£^aJ JaLul liJLlA (JljLaj t£.Lallj jjgjaull AAxaC j\ A \-\ » >i jL)l (jx eLall 

4 )-nun\l £jLi JfLiu (Centrifugal Pumps) SajUII djli^a-aJI ^ iklmj 

(Reciprocating cliK . all ^^Luij j t^UJI Jaj j ^ijJ tdlij 4_JUJIj 

(Progressive Cavity ^jaall ili UuJa* j A^UuVI 4^.1 j^U Pumps) 
(Vertical Turbine 4j]jiiLill AaijjjjjJI CjIa . >y *\\ ^.iViun Laiu tSLaaJI liLj^U 
Pumps) 4_ijUll <jjjalj]l cj U^JaJ l ^^' .. n j 4 jUVI Pumps) 
Ul .i_ijjL*al! aLw Sjjij^all CjI La al l (Pneumatic Ejector 
(Pumps 4JU2.JI Aja. jaiII dj Uuua^ l j (Air Lift Pumps) ^1 j$JI £3jJI 
ciilajfkj ,J ^ ^kloua (Turbine Pumps) AjIujjjII di LkjJaJ lj Peristaltic) 

j»1ujij tSiAill djlauJa .nil (j-ajL^xi. ( _ s ic 'ajaall oJiA ^ 4-uiSli<JI j * aoSj * a j .Aj-aLa. 
. t_ltiSll li& ^ (JJ^ eliljaS I InW'n (jialHuij Ig-la a-l-la-a JaLul (j^a^)C 




Ifci AojujLjVI e! J*S}\ j] .AjLill Ailia-a ^jj^la t"iV< JajJI ^^ic Lpj^al j 



241 



aS^A tjh <&> jsl\ jjc aJjL ^'Jt j jUI jLuiJI ^ (Impeller) £-ls.i!l 

. ^iji^ili > ^ \\\\S\ 

<LjJoA\ dliacl ^1 ^ j toiAjll SjS]| ti Jc. Uj j=k eOA JaxII 4jLjia j 

Uuoj .Aollc- SfrliS J _jj^a jl3 eLall ^cjJal (jli-a a-ilfc ^VViunj <alij 

jj^j ijj .4_iL^a ^jic Ajjl^il c_ajj-a31 oLw jaLa ^lii S.ia.j ^.iViun 

4,-\<>Ia\1 LJUj^dJ^ - jlxl\ Wirt 

(jaJ A hY\\ a i—L^oJ tlili S-lla-a Ajaajj ^ill ^SxJI 

j>jj 4jl « 1 1-4 (J^ill Iajuij ^jJa _jaJI jbui-Vl CIiLujjj AjoiIjJ (jJfjj . <n"i\l j 

(JjAjS ^>jj t(j-aljla JfLiuj 41—lLuiijl (jaLjju JJC. i— Lj j . adll Jix-a JauaUj tJaJuJa 

^gjj AjauJa-iJI ^J^-° -^C- ail * all ^JJ La t( flixj c.L<JI ^jh-^; ^lioll Jjj-i ' . U » n"n 

.t-sULVl jl*J l^JJ jUiu 
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iJuj^ii - jlc iv ai (jjLjj la^aa " :ll-4 Jii 

Jjljia t— SJ j > (J^juo A > >>fl\l o^liS £J&JJ >12-4 <J^-"»^ ^ ^jJa^ La£ 











ft, 








ifUZ^^' ^^^^ 


i 





AjjLj Ac juu »2jU A i i i n LjLuxLt (j^jUol :12-4 Ji»i 



.iJjJaSVl (Jji r . uu ll s^US Ajakj jj-a IjJjS J-**^ oiAj 4_k*Ja«a a a > >-t"l 

^Vl Ul ^ (Bearings) (^UUjjI!) J^l c^l j£ ^U^l ctf j-aJ 

L_ajjj-aJ jjLaJjj Laiic. j .'ojjSiall Ajaiill Sjc 4j jl jia <U j-a^ ' " (J<afc JLSC. 

AilxLa L_s^£ll! jOijj Ajc-U.ujl CjV j*aJI ijjj t JlaSfl J^tujuII AauJaJt 
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Jaijjj A\ <Ja>.la (j& SjaJ CllcUa {JfLaSj LaOjc- L_a^£j]l l— l.laJ .<lala-a 

St-aJ £3-ljj Jala-all $La]l a j3 . [^alLa JSjIlJ jbj-lj ■ " Ua £-SJ^>-a ^"** ' ^ ' ) ^* > ''' fl 

^^aijLu Ojfr j .4^.>iaJI ^IflJ j£a. Lfr&Al Ajllc b j^a. j Ljiijla-a Mali £-1 JfiJI 

tjAjJa frLall (jl jjJ ojlx-j jjli L_slLVI jit J jj^a jJI ^gJa. <LajJa-aJI L_SJjj^aJ Jia-a 

4_iakj S %120j 60 (JJJ (_jLa-a]l (j-a*Ja £SJ L_Ljj^aJ (J^la-a ^jfr ^AjJaxIt (Jjt.Ju 

.hj*. jii^j (Best Efficient Point, BEP) ftl d^SsSi 

(JLa-a (j-ajJa Ailia-a jUaSil dll ji Cjlc.la.lJ La "LauJaxi jj^ a»j a-llc. (j£-aJ 

<-_ajjj>-aJ (j! I— Lla.j .4jajJa-aJI (jjjAL^a ^La^aJ f^"* <_1^ £-* (—Ami i"n LaJ 4.11a-a 

1 g \;» *n lie lilljj 4illa-aJI jUaS^I tllljj Cllc.li.lll tllLua-La (j^ajL^aa J$iaJ 
(-lull V'u i<talia-a Clllc-jjou ci- 4 *^ ^^-^ J.la-a ^>ia3 (JaJ ^j-aS . jl (jijc.^)jaU 

£J^a £-a b^)Ia 1 1 » at n ^ _alxll (jjSjj t(ll-4 4jjl*-a]l) Acjjaill £-a b^)la L- Lj j * Will 

.(13-4 <hU-aJI) <& ^uJI 4iUall Jij j>V-j t (12-4 j*J 



Q 1 /Q 2 = N 1 /N 2 
H 1 /H 2 =N 1 /N 2 
Pi/Pi=N! 3 /N 2 3 



(11-4) 
(12-4) 
(13-4) 



(1/s) gpm t <—flJ_>*-aal) = g 

(m) ft t"jl*ll = # 
(kw) (hp) *31U! = P. 
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I Jj Lai lis j LujSj 5iUall <JiJ j 4 jlxSI j (<_ SJjj^aj]! 



Q 1 /Q 2 = D ] /D 2 (14-4) 
Hj/H^Dj/D* (15-4) 
Pi/Pi=D'/D 2 3 (16-4) 



cm ji in. tg-liJ Jaa = D 
(m) ft SJA = H 
(kw) (hp) aSLUI Jij = P. 

La 4^jJa-a SeliSj . Jcl ^Llijl cLall £3jJ ^ill (>ajll o.lJ j J jaaJI JaxII 

.(jiilLall AiLUI Jij JI 4iLUI <Wi ^& 



E=P o/ P. (17-4) 

(kw) ((hp) ((brake hp) A'j^A a1\±> Ji*s = P. 
(kw . m/sec) ((kw) ((hp) (A3LU ^ = 
(%85 J) 60) 0.85 j 0.60 c jl Ju JUx J Sic a±jS*A\ s*U£ jj£ j 

£^ liSja-J Ja.J 4iUa Jl A%i >\f> ^jjj^ jJJ 4jjVI aJ^UaII iajjj 
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(hp) tfc*lja-»ll 4iUa Ji*s = p 

gpm it-sjjj^ul! = Q 
ft t "jl*l! = H 
8.34 lb/gal = »UI J£ S^l j = W 

ft lb/sec per hp = 550 
sec/min = 60 
8.34/60 x 550 = 3960 

Ajjlall jib j 



1/S 4L_SJJjuaoll = Q 

m t jLJI = H 
0.0098 KN/1 = ftUI J£ S^l j = W 




0.0098Q# 

E P 



(19-4) 



kw 4iUa <Ji^ = P. 
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1150 (rpm) = a^j^\ 


1750 (rpm) = jJ 


(%) 


jU 
( ft ) 


(gP m ) 


(%) 


( ft ) 


(gP m ) 




96 


0 




220 


0 


65 


93 


1000 


63 


216 


1500 


77 


89 


1500 


81 


203 


2500 


83 


82 


2000 


85 


192 


3000 


84 a 


77 


2200 


86 a 


182 


3300 


83 


70 


2500 


85 


176 


3500 


71 


49 


3000 


72 


120 


4500 



J_aaVI JjV.'MI = (bep) 



^.j^a s*ti£ll ^ja (rpm) 1150 j 1750 <> ojjaaII CjIu^uII Coa^j 

.^JaSla Ja=u o*U£ JiJaal Jalij (— iL aj j 4-o _&joija1I Jaliill Ak- 

^1 iVi ■ dL 1450 (rpm) Iaj^s Jjt, *n < Lj^j ■ — ^aS dujoia 

(rpm) j 216 ft j 1500 (gpm) CjUUJI ?\i±iJu ^ .12-4j 11-4 SLU-ol! 

i^tillS 5-a jjjjja <iaij i-jLata. ^Ijj (1750 

AT 9 1450 

G * = 1500 1750= 1240 feH 

// 2 = // i (^ ) 2 = 27.(^° ) 2 = 148 ft 
2 7 /Yi 1750 

(gpm) 1750 (rpm) cjUUJ! <> ^1 ^1 J£ 

(132 (bep) ciol 2450 (gpm) (140 (bep) ^2040 (gpm) (148 ft ci^ 1240 
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3730 (gpm)j .121 (bep) ^ 2860 (gpm) tl25 (bep) ^ 2730 (gpm) 

.82 (bep) 

t-^-aSll (> %120 j 60 — £ 1750 (rpm) ^ J Jjij&ll <-&-• J 

.3300 (gpm) (bep) 

0.60 x 3300 = 2000 (gpm) 
1.20x3300 = 4000 (gpm) 

j 1300 (gpm) 2200 U jjS (bep) 1150 (rpm) ^ 

.^Uk* 13-4 <_&^ AauuaJl Jjioiu ^-ik* j^jj .2600 gpm 



1750 rpm 


63% 













60% bep/ 
1450 rpm / 


^-^81% 


,85% ^\ 
s Nw86% \. 
/ ''S»85% 


> 


1 1 50 rpm 






^<Q20% bep 




65% 




84% >N ><^ 
83%\^ 


9 \ 






0 10 


00 2( 


)00 3C 


71% 

00 40 


00 50 



^Uaiil (j^JLaa 5-4 
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ju ^laijVi Jjja jA jjfLoJI jlc LaA i— Lj* adl] jUiUJjll jjjjfLa]! j] 

^aa j t<— Lj* .-Till 4 laaj jl > jl^^-J ' . ^ '"^ (J^3^ cs^ e-L<^ cs^J^"" 4 

.^cjJaJI Jo*-a oijj £-a Jlbjj ^ill j ii31£la.Vi 
Jail 4jl ia^U 4 14-4 ^ ^= JalJ-oJ J^la ^Uaj <joi1jAjj 

A-y,;-. J jLjJ^. jA 1 JJ-^ j) (jr* J (2 £ J^-«) 

jA 2 "^jjO^JI £jill -kk jl .1 £ ^jl <jl ji ^ Ll^xj du^ g 

4 2 ^jJdll Jai. C-jj^la dlau .2 ^^p^all ^ i -li aJ i " ua 4jauJa-<JI jL^a. <J-al£J 
.2 ^ jawoJI ^ (—S^L^ajJ ^aj^aJt jl j-a L?-J^a. L^all f-^^ S- 1 ^ 4 ^ 




JS jrf Aic lou £ja-aj 'J^J^ u'j^ J ' VJf" O* LijQ h'nj*i fLilb Jj|j ^Uai] Jalai^a :14-4 JS*i 

iaia 2 £ja^JI -lie (jj/ySuU 2 j ciajaa 1 lie uLj^aill 1 <j» ^jlJjjJj^Jl £jJSJ! i^kk .Jjuaall 
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jgi 2 ^ Wirtll Lai t^aijAll jljaJ! (jJI JkWI ^jJoaJI <-jLu-jV 1 S? W * < ^ 1 
4 Lajj .(JjiaVlll j^jAJ (Jiaiall 2 ^jiwoll L_aji ^i^ll AjauJa-all 1 ■ iLj > > n V 

^-a (J-alauill <ULa. .2j 1 (j^^*-^ (j -0 cJ^ ^ Igijji^aJ ^aJJ ^^jll c-LaJI -4 j<^\ 

.(—la uJlj jjjiall j ^cjJa]| ^ 4 aHa i_Sjj]al ^JSLaball CjUla.Lall qa 





1 ^ j (Q 2 = Q. Qz = 0) -v 


t 

* _ — ~T 

1 ^2^j (2i=0,G 2 = G) 

" t 




( jjail Ja*») wiijvflJ 



JLj^ajU 1 tj*±A .14-4 JiiS <ji Jtl2a jA JayuJI ^JUll ^UaiU fUalll tJuj^aj- jte CjUiaia :15-4 JlA 

2j 1 (jjjW^ll LuLu 16-4 cJ^ill ^jJajjj .^UaiJI ^jj^j^aj — jlc ^ ia j o j 
<_LA£ La-licj ,<cjtA\ i ^i^ i—sj^jj-oj — jlc. ^'i-s'i«>\ 15-4 cJ^jill 
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— J IgJ j^JJ (^ill ^Jaiull Aic aJo^aJI J n, 'ii (jj^J t^ijjAll (jlj^-ll ^g-l) <— aj^^ajll 
i2 .lie <_uAjVt 4iLui ^aUaj j-a i—il ni'nl JaaS j^ll ^jj^j^aoll ^-alii lili .A 

.^jjjj^ajll jlc dil jiVm ^jic. B 4_LajH .lie Jri un > a 3 all jli 

jk ^ Jal 4 2 <-J jj^ cjao B -lie (tiH£l^VI jlc- iia aJ c_sLja* jjLJI 







\c 


i'— — ""oG^ir 






















w 2 

, 1 







(jjajl JJjw) UbjAJ 



L jjiijjJ jiUajJI (_Lj^ai - jlc iliLuxu ^»loj 4c. 4jjIj 4 A ,. n ^1 iJLj^oj-jJc LjljKU :16-4 Jiui 

15-4 JiAll t> {.Uaill 



^jc- t— ajji ."Till Jii.V <2 t^%ljj-^l' ^J - ^ -^ x ^ - ^~*JJ^ L>* *-^^J 

— ^Ic. (jjaa-a j ^SJjjJj^JI jJoll Ja^ (jx £-UjjI ^ AAJdjll j .2 ^ ji««ll 
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Ajjlj oOjL 4i>uJ=us Jaju .C <Jaiill ^ (B j A <j£ La AJaij ^ £JJ 

^gJullj t4 » >i,nH LjjjjL^aJ — jlfc ^ la '1 ^ jljial ( _ 5 ic £&j A jaSj Aifc Lajlj 4£.jjuJI 

jl j^- 6jjiLl-a ^cjJaJ (jl #.Loll j£-aJ ^La3 to j\r i e.La <<ajaj| £tjJa dlUaa-a 

^JaSLa ij ^' i 'n 4_-Luia-a]| <_J-a*J .^jjjoll A^Jjuj *JJ-^ j»J^J £ J ^^>* <1 

J LS lc (jljaJI JiaLvJj tjl jaJI ^gi #.L<JI i_ljjuiia ^?>JM I g \j» »*nj 

jli ^^Vl 4-<JajVI (_j^J ^ ' (j 0, jj^'" 1 " £OJ^ j»Uaj ,^i VrV i '<~t 

CjI^s. jll ^.laj £ jja. JU. JaxU S jAL> <Lai Ajaa^ jj3 jj AiLja) 4jjLJI 
(jli t j <\"l > ii a (_gjLa ^•Lli.l djli 'ajoj^JI 4 <\h'iVI jj£ Ijiajj j-a 

dsLiI jiJI UJ& J o^)J^Lui £jjjjll ^-UjLI aSoj! sjjIiLix t-_Sjj^aJ 1 gjl i 

.4^1 Mill a^J 4j jjl^3_&^ 4jtij^a]l 

jfl.^in < jjd <_atajj "jk. j j£\ 4iLL Cjlj 3 4A»;->J c jljLliala jtj.1*. j 2j 1 

lillij ^Lall ^lili.^/1 4 nl'll til jl uj <i (J^CaJ jl (Jslui^i (J^uil I " )1 > 't-\t\\\ (_J-a*J 
(_U«j La^JC-j ja-a]l t_l jjjl liljiauJI (jiUJjll <_s jjjVl ^ *LaJI r-i'l; 

liljlkLall lJjj » — jixll ^'i-s'm JJ-^J ^aJJ 4jli t(j<al jia (JfLlj ^iSI jl jlai-iJa-a 
, A lg**) , t1 ftj l i a ^ , — ^oixll i ** ll '* ,JV J aJ 4 i " Q *' ^olxil (_^^1 ' a ^ . CjV^*-a 4iL-^L 

— jlc. ^ la \ n 4\£jliLall L-Lij > f-»'ill — jLtll CllUla-La ^JaliS A Saaj ^ 1t>"i 
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di y 

bills* SjJlla LjliLbixa 

l aJa JJC 4 La AikjJaAl Clulj L_ajjj^aJ LuuJa (j Jc JiLbJ] 4-ijjla Jjuiaal jj 
^C.jlLj .AikjJaAll tllljiil dslcjjuJI JJO»J ^ L_lLuiu71 CllV-la-aJ £jJ j 

ftLall (jljj-i ojlcj (jJSjJ ^jjjj^ajll jl Vj tAauJaJI £ ji-a ( J!iC. t_j£^o 

(dlLLd jj) J-^-aJ dll j£ <— aijj LaJj] j Up^U£ qa JlL La A\ . (jj.V^. a ^ 

• Ljla.j-a V Li^.j.£i <CjjoiJI JJJ«J JJ-i* (Jj-^J '"l)^*.' f a 0 LS^^W - ^ t^J^-a 

(Head-discharge Curves) ^Jjjj^uII - jl*JI Cj LuaAa (118-4) jSjill j^>j 

.1 g jjj o^la^JI (_£ jLuii Jajlai. i " 1 <\t i) j .iiij tjjjilia-a CIiIjjLj ^^jC-jjoiJ (Jyuu 4 ■■s » >->t\\ 
(jjjc-jjaJI (jjj £&j nt'io (j-a Jj la a V JJc- (_£>}J <_Li*j 0' AajJoaU (j^»aJ tLjlxS j 
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(jl ii Vail j L-l jlxll jAj t jlaJI — ^Lua.VI ^ j m ^ la Lj j i ^>'q\l j Lu^JI 
.^c_il8-4) J^jjJI ^lia jA La£ tl^jlfu j^aJx ^J^aj Saa i >i 4-<ua 




Jjxj 4jkJiAl SfliS jijli tijj^ii- jlc ililuaJj (i) .ic ilUJ u l ililjWm :18-4 J&A 

4£ i^iljWin (j) .4a£l ji» iioiAJl ^Ui^lj LJUj^aj - "jfs- CA jiiii (j) .AlLla ijtfja-a 
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l_J-tt»J t " J Lt i (_^aik ^LiLa a^lc. jali Li > >>\l Clll jt.niium (jjJ (jijj^li 
£3j ^t!La IaAoC- iJaju (^jI! La > >>\l <Uu3 <_y^ LS-^ ' ^ ^ ) ' LaAic. 

L_Lijj^aj]l Aic LiuJa £ ji> J J^-JJ AiUall Jj^aJ JU^ali I (JV in j . La . >t\\ 

Jal (^>&l jrln^VI) Ai^J] 

(j^aliijlj AiUall Jja-oJ AlLajll ajjill jl^La (jiajiaj . jAj^a aj.02 i—SJjj^aJ 

j .a-liia-a LjjJa ^LLj <LjJ jJ jL-all jlaJI — ^Lia-Vl ^ j * 

C-boJ a jxJ a^A jjc. tlgji. 

— CllLna^La Coajjj .c-Loll ^cjJa ClAiuLj j-a ^ji j3 jjj a-ilc AjjjjjJa 

18-4 <JfL^) Ajj^ c(Deaman-head Curve) jlc - ^Lu^-I di Ulaa.a j ^jjjj^aj 

ac-lifUl j ■Ac.^joJ! .LjL-n £-a jlc. — ^-liiaJ ^^ja-La t " ll t LI 3J ^l.ia«iail (j£-<u . ^ 

sLall tjl JjJ ajlc-l ^JJ L_l jlL-a]l ^jkx^\ L_ajjj^aail ^Ll^l jj^ La-iie-j 

I— L j > <J.ia-a] <J (^jj-^a^-aJI (_g J» ».->yi .laJI (jj .L_a]j]! j-a IgJjl 4jkjJa-a]l (j-ajJa 

liliij c*3U& j . (JjajjS a<iUS (_JjJa3l (_£.}] g i hl\ (J-la-a j-a %35 J 25 (JJJ La j-afr tjj^J 
jX^Lua Jjt-uuI uliuil iic LaAV jl ^Vw.n .19-4 (Jl^ill LaA hj AjSIjx ^aUij 
4^>jJaA3l JJC- La CIijIj L-lLuaj| ( _ s ifr 4ja3l^aJ] ^'^ 7- ^Jjvc t_lSj-a Jj-^ 

^ja-c ^^IjJI La ' al\ (Jj.i«J <aj Jjj-aJI ^LLill ^Ij^luil jS-aJj 

4jiaLi-ail LijJaJ t— J ^aLxu-all J^SJj . <— SJ JJ-^aill ^'i-s'u (j^aiijl Ijl liiljj t^/ll 

t_l_alL-aJI ^jiJI _alfr A-ajS j-a lljjaj %10 (J-iLiJ 4jkj-^al] C_SjjA*aJ La 1 >i ^jjfr 
Lir jjA tiiSlj (^Cj .C-Ljj^aol] ^jaj^a^l J^a-all ^ jLoU 4_kjJaAjl C_SJjj-£aJ 
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JaU Jj-UJ V„_t 

j>U^a ujj jj (lj) .uUuu^I jfjx! JjJxj jiCa^a j>Uxi (!) .ACj^JI sjjila ililUxJ) 4jUaJ ClUu jj :19-4 Jii 
tjfLu .Aj-iLojSI JiSVI Jjrunll ^uu^aJ Ojiao ^j-^J 4 *)v6U AiUall 

.(17-4 cJi^l) 4x;>J AjjIj a-Uatia ilA-y^ (-^J 5 cs^ ^aII lj jLoVl 

8-4 Jll» 

jjjaJl) Uyj^ - "jk. ^ jL&j .20-4 Jlill ^1^1 Vij.njll 

-^a^J UJ^ (j^ C5^j ^ ' '-""^ <— SJJJ^J cJ^-^j La^jc. (Ulxlt 
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^^JcS/l <— SJjjL-aJ — jlc ^ la \ a ^J^-a (j^q-Nl uSjj .<LLa oLaIJ ( ^ ii 

(j-a ^Uaill ^gJ] i—jIojouVI (J^Jj 45 Psi Jj^-s'lll j^_>« (ji » <ail c£ LaJUC 

(rpm) oj-sa Jj*jjj Acjjai 13-4 JfLiJl <j-a Ajaij JIaaII 4-auJaAll L5 ia-La 

.^auJaxJl Jjt *n JU-a iia. .1750 




8-4 iLutA ^Uaj :20-4 Jii 

,-sK-UNfl dil^jaa jiaj .150 ft LjLoia AasjjaII diUljiJI ^ t-iUuJaJl 
L_ajjL-aj Qa Uujj^u JS1 4 16 in. ^ jiaSj 8000 ft Jjlall <-r>j^Vl 
8000 ft JjUl ^3 c_j "jkll .& jjSj c2000 gpm ^ ^loi .<iuJ=uJl 
^K31 .fill jjljj (30 in. J c0.0037 ft/ft x 8000 ft -J LjL— 16 in. j 
J\ 4-.ua (jjSi tdl.il .180 ft j^ul 30 ft IfrJI laL^w 150 ft (j jU*j 4S.,,-,aU 
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.180 ft j gpm 2000 fUati! ^j^o - "jk. ^ j^j^ <Las 




5000 



(gpm) .Jij*aJ 



yjaa*! j 20-4 jui>» Kuu- »U« fUail i-Lj^oj - jje aUm CiLuaI« 8-4 JliUl Ja. :21-4 Jii 

13-4 JtAS (> 1750 rpm ^ j! <^*A>*j 
j^jj c104 ft J 45 Psi jUI "jl*3l (JjSj J^iJI j£ ^ Uu^j^ull j 
2000 gpm ci^ ^= -16 in. a j^j 5000 f t ^ j^V "jk & 

ft JUL lsjI^I* 4 0.0037 ft/ft x 5000 <ul] laL^ 104 ft J&\ 'jLJI jjV- 

.aUaill cU^Vi (—Ljj^jj - ^Wu ^jic- 4jti JalSill ^.ij ^ aOA j .123 

i— sjjj^jj - jlc ^Wu ijlal LS lc Jjuiull JMi. j .13-4 JLill ^ 1750 (rpm) 
.2620 gpm L-jjjj^ajll (jj^JJ 200 ft —1 Ujlui* 4iuJa*ll (jjlu^ talkjll 

La ^JalSj jjSj i a J 
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(bep) (jUaj ^Ijjjj 4^ >>>^\l Joioiu JUw« jj .3770 gpmj 165 ft ci^ AauJaJt 
.(bep) A^ua ^ %120j 60 j£ £ jl jjajui diiaj 

^jali4fl cjjjL^I 6-4 

^gJjSai ^»Uaj (jxs ^JaLa (Ja^a (JikJ <_g-aAj <-r>Jjjl Jl J* JlfLaJI l_ljjjVI 

jfLu !>llaa .(—iUjouVI 4iLUa-a jXaUajll "^S ,J jlaJI djl^jaa t-USkj 

Jaaj i—ljjjL (J *n"iun (jl (JmL n"l\l J& <ljj-aj-a 4jlSii-a jUaSl j-a t_UjljV 

|0$J JaaJ j)-a ^JaLa J Ja3 jJ3 L_lUuuVI (>> (>ajjal : CS^^^ ^ J 

(Ji.j| ijjiajiLall i—lLiuiiVlj 4j*iaa-a]l jlaJI CllljjaS ^ " ^I'l^'luiUj ti_lljjauVi 

JJC. l—lUjouVi Aa-aS C-Ujoiai Clua. t^ok. Ja3 -\ja.j (j^ajjajS 4(_£ jl jail Jc. AJjj^a jaJI 

.\+jJ Jc c^UVl j- J£ 

^ilUI <_1 jjjVt tljULuia. 9-4 Jllall jg SaJ .^JlfLaJI t_J jJuVI fO^> JH-^ cHajja^l 
.(J jl jjll Jc j J 1 ill n"l\l Jc. <ljj^a jaJI Jajiaiil 



A 400 ft 0 1000 ft, 8 in. 




8 in. \ 




\ 800 ft 




\ 6 in. 






C 600 ft D 


10 in. 


9-4 Jli»U vj^I =22-4 JS^ 



Ja ^kk j! Jl I jJaj ia-lia-all 4-ajaj^l J AjsIS-J LjJJjbVl Ailjla (jj.^' ^ 
J ja. j Jj AiLial 
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C_ll_ j_9 j (-UjljVl ^ C_LU_u_l L-U---j j .ojlc ^Lkill *LJI l-lauui Jalaj ^ He 
.^jjuiU (_J r iL=vJj 4 ml jj <* aiail ^ $.LaJI dlUa yuJa j jlaJI 

9-4 Jll» 

22-4 JLill ^fl ^Ibj^ LJ ^ <-U* lW 2000 ft JjU ^il^a M J ^ 

<>J! 

.1000 ft Aijt J^IL. LJ^L C j B (jJJ Ajjl t_yAiVl Vj JiiJ 
L_iUaiVI jli '/eiUJI laJaa Jt ( Jic bLuct <C j B j£ 10 ft aj.i ^Ic. iia ^Jlal 

550 = 10 ft/1000 ft a jle .& Ca^j ft 1000 4aUJ 8 in. a jlaa <-j jj 
(12.5 10 ft/800 ft e j^a "jlc aaa d^o 6 in. a jlaa l_> jj lJu^\ j t gpm 
t_j j$\ tSSIa jA 1000 ft tC jB a* j^lS-M t_> j^l j) .290 gpm = ft/1000 ft) 
.lie 10 ft/1000 ft aj^a jit aaa <U J <_>«> tiiiau <U 

jJaa Ji j^Jia yjUJI kla^all t> j <840 gpm = 290 +550 ij jUu (-Jjjjuai 

.9.4 in. = (jrW-all 

>ij 1000 ft c8 in. >L 400 ft retell ^ AfD&l l-xuUSM J Jiatf ^ 
Cjb jaa (jla .500 gpm aj^a o^jiL t_iUu.il ^-Jj .10 in. jLL 600 ft .9.4 in. 

1.6 ft = 2.7 x 0.6 j .3.8 ft .3.3 ft = 8.3 x 0.4 y; jL-5 ^liVl ^ J** 11 
A j^lfUl c-j uj -2000 ft ^ "jk. _Sa 8.7 ft £ ><->_- ____ j jSB 
= ejUauU 1000 ft/4.4 ft a j_a l_Sa jl_a ^ill __i jjiVl -ill- jA D^J] 

.9.2 in. jA --iljaJlj .500 gpm 

(_Lut_Vl M_ia___ ^j~-L_. Jalaa 7-4 

S-Lall £jjjJ <-J_jV ^-JjjuiUJI JalaalS a_J_C 4o__aljj ^-aljJ dljjia 

a jq'l* n.n aJU alSiU-a jA Ig-La ^_l__3l jU-JI J .A u uS\ L_u_ulj__3l ^\ la-Luilj 
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. (j<aj]| ^)JC- 4jal*iall elsl jiaiJI (j^s AAjoiim a J3J * n m JJC- j-aj ^\ -s jj 

BjjU-a JaJJ La£ ^Lall ^»Uaj J ja> CjljUj (Jlijj ^JJ tL-bJ Lall £t-aUjJI jLu^l 

<j£j t^au^a^l ^jj^j^aJ JajJuJa j c^jSJjjJj^JI Cl)L^.jJjll j 4i_UjljVI JL^ajl 
4iLui ^ aLw fUai t kj^j ^1 AjjUjoall Cjtj^LaJ! j .3lvull t-itilull 

dsUlnll ^c-aJ jjc- IxJaLj aJUa^a 4jaJji£ L_UjljVl 4iLui t_i j . nl ^ II jji»J 

CLlLaUoj^j cl^alS jL Jj^a j]| t-AuUI j Igjlcliijl lu.n'u (c-liulVI Jalijj) C_liijVI 
^^Ic bLaJC.1 t_l jjjS/l <J jjI^. ^J3 ajlc (j^ajjai . InT > all ClsUdaia j c jLui-VI 

jj^flj CllVLsJI (j Vt> j ^ j .^Oj-ail! ajjla-a laOi >»; jx j 4L_l_oJuVI J<£ 

^HaxJ ^L-ajoiJ JjLall till jUlkVt lDU. <j< <uUJj]| <— UjUVI jlaaJ Ajkall C fJ3 

jloaJI IjlA ^.rtunj . Jalaall *lj^J frllil ^ a-lia^a L_ujlj| .^IxiLAj L_l j . pi ^ \\ £t-aljJ 
1 g h <\ > >>"l Lai li^V (j^ 4 ^ C5"^J LS JUJ ^^ 'tW^^' JaikJ 4 Ljulb Cllljljial ^lallj 

jl ajjiio-all jLLaVI till jj t_UjLjVI lU^J tj' m t^^1ui\l ^ 3 JAJ Jjir > adl j 

■Ij-laj . JalaaJI (jl ^33 j j J ^ j _aAi]l Lxmij AjU«J al sllx AjLSjA L-JjjLjI 4 S J uj 

. Jjiajj]| elo-a t_JjjoiiAJ t_UjljVI A^lui ^ l^JtSl j-a ^J^su ^>JC (jjjiall diljl ji. 
t A laa rtll i—aj^j^aj — jlc dlUia^a j c^UjjVI Jic- ^cjJail d ll Irs a ( j 
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jlaJI CllbjaSj i_ljauaiAll ^Lall <_£ jtLoba jLu&Vlj ialj V Lpl ^gJ] l^>Jaj 4£L-aljjj3l 
J CjljLiill JSbj cjLiVI yi stall S.laC.1 ^lc tlibjSaj 4 La all ^jui ^ 

iajJuJa j* t LlL ( - laJ jlJI jl ^cjJall 4 La .a <— lU^Ua Jic- j_jAill 
jAiJaj all djlil^a. J eLall <_! jjuaial <laljlrfi i"ll i aUSj ^Ijiill (jj . <— Lj i ^>MI 

4*lall ^I.AauJ tlA%> 4aJUll a jlxkll jj£j t^JLjoall ^Uiill 4a.iaisj 

(l^U^I **4<i ^ JL^I JaULi) *U&NI Jatfi *c *U1I 3,„,„U«i ^Uij 

(j^aaJ ^ t*lli j^fl CjLjliLall <J1a\j .A3 jja-o pLall tSEA^luol L_S jjL Caaj 
t^g-la Ajj^jall (JU^ajVI -Llaj ^ic- jjJcLL^all j jjJjLaull jj l^alm^al] 4jjLa j". i a 
^1 jli . (J jliall Ja-<u j (jlfLudl J^aJ laS j 4 » si\ <\ll Ajl^Lall elsl^/l^luiV I £j j jj j 
1 . 1"i^»J j<a £J jjJ ^JJ3 coLiaII i _g-a jjll ^^wVI (_fr*-a £»a CllbjauoJI ^ _^>au J^iij 
^Jc ^ajSj aIiAj (_£^>a.l 4jjlLo lillj&j . (Jl i I Jalii Jc c-Lall ^gjLuta. 
jjJjLaull j-i.\l°,"l* *i>\\\ jlj£ eLall j-a ^^g-ajjll '.'**■' (J^*- 0 U 1 " 1 .]' '^"v £-^jll 

4aL«a Jc frljj JL^sjVI JalSj Jc (filial! t*Eil$iaiVI (J aJ > ,->Vi j juclL^aJI j 
sUaU JxAll li^g-i.iiVI ll^Uuaj jl ^LjJal jll j« j .t-iuUVl J jL jl C-HajVl 
(JjJaal Jaau djl^litll dlUljS jxi oAaLouJI 4jcll^all j 4jjLaallj 4j'i^»n\l (^JallaJI 

.f.LaJI t*J!)l^luil (jc dlLiLiJ 
<j| (jA J^lall 1 1— 1 j > ill ^. \l ^-aljjJ J ^Uaji] ^gjJaLlj]! Jjl*J jl Uaj 

tdiljLijajjVI (Jj"> > in ojlc <-lil#.l^)a.y I j-ajJajjj . j£<u La C—i^aL JjiaJI ^Uaill iJiaj 
Jjlajll CjljLull a^A <Ja.Jj ^jj j<aj .alilLa jLui-l Joioiall C_a jja j JajijJa]| j 

AaljVI ojjIxaII .4 jVq-s II CliLaiUalLi l^ljjlLaj ^cjlajll j-a J^Will ^jjj ^ j > "1 a \l 
dlb j-s . n\l ^- jjJ jj£; La.li& l_ujLiVI <^uj jjC. Ailik-a ^ -L j«-iJall (JjjLjSj 
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4jtjl j]lj laJ i i si <Lalall 4£.Luall .jjc 'iAc (illi jjfLj nil^\ g'unVI -lajai jiaJ (e^^ 
Sic J jluill iaiuJajl tlXiauaU 4iLjal j .4JC jluiVl <_U«-M J Jfriajl -1*J 

lajiuJa 4tlljljaJI J el«a]l tllclijjl jAjJaJJ 4jxuLuil tllLa jLua lilljA t jjjI ') * <-»ll 
I—jLujU^/I i_y>\^J J^VI j-a J ^tiJaJ! tlUaa^a jxi t-jLjauVI CjV^«-«J <— ajjuajll 
jjc. ol£La^]| tlljl£ jli .oLiaI] jjjuiJJjll (jj^^'hn^ll ti^lj £jjjjll j»Uaj J jllaVlj 
(j) jl (jli-a ^Uaj^s J J^J 4jjl£-«l iS "j^ ' ■ '">-' tAjla-a tllil jajl 4->jm 4-il£ 

C ^»J3 JiJ*-^ ^^J^ *JjL«-a s^lc «£JJJ^I ^»Uaj J <LwUajV tll_uijLa-a 

tluj jli .LjjjjJa lilij jl£ (jl eLajl tllljjauuj £JJJJ lajjJaj K—UjUVI J 
t^LaJI lil^lgiail Jajoi jla etlll J Jaa^Lall Saa > iall ^Ijj] -iJ*J ij-ajjl ajjlaua 

t«.La]l (j-a Jjjl jajl till jUaXaS 4jjWl<\ll tl^LaJI J j_a^jJa-a jjc. (jjS^ll £3 jjll (jli 
^utlJj <1L1a lilljA lilli Jl AiLjal .(^jJI JUaia^ ^^^S/l "^aJI CjUlkLa j 
<jljVI <_UI J*jI J £ i jajjI Jl l^JU.j] jfLaJ j^JjujII eUaaj jl J j*£j 
oUaII J*ill (j-a jJI ^l-iai^l JJ-jlia j/> Jcl till jj-jSJ (—UjoS t^illai .a jjIxaII 
tluu .13 4jl£ j j^jj j^ill (Jxao La 4 Jala> jaj Je C e.\jZu\ <LaJ jL 

.4jjjU»a 

tlLLnll j^s SJJJ^ tlllc. j-aa>-a (Jjlau j ^-a^- 1 . ll)aJJ 4j^jj!i3l ^ jj-ajll ojjS (jj 
(j£»aJ .(_^3Jj*Sll £.UaaJ jl ■> JJ i ill t '< ^ i (illij ttllilllt j ojjIxaII (j-a (JS #.l^i.V 
Jaj^ ja3I t£Eil$iaiVI til jj3 J!jU. S jjill tljLLjjuajl tlLuiUS JJC. ("iTnll jUjl 
^Uai j-ajJa ^Ij^ J <j^J^' tlbljlal fililal tlljLui.U ^Ualljj flU-all JaJaC-VI 
tlljjilalJ t_jjjoiLaJI ( " il 7. ja^a AjjlLaJ sjjIxaII 43 J j^i (_3iaall ^li .^jjjall 
Ja jiuJaJI jj^J jl Jtaii .(jSaull (IiLjjIjJ J!>U. AalilaJ tllLoiLall JJ-^^ 
t2 Psi LujSj Jjjjj^a Sail i ^>\l (J^ljLa o^ljS All ^Lu .±5 Psi j^j-a 

Psi oj^a Llaa. 4ic t_ujlijai jlili-l Jjj'u ^lajjl (jAjS ^ 10 ft 6J^3 Uaa^ jjj 
tliO^ jl Jaa c4iaib jjc. ^UjjI tlULru julHl 4jJajc Vit > ^\l tlUI j3 jj tlya. j .4 
JJC L^J 1 jjlaJI CjLlljjaijVI AjjlLa j-aSj ajjla-all <?-jJ J)-^ ^JJ^ 3 
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Psi 4-aJ Jla ^jLi jjic- (^jiila LuljJj (joJ (_1 jjJjJI Sl£La-aj AjliaJI CjLuAjSII 
pistil ^aa 4jbaij ^ AjIIjII AjjjaJI j .(jjljaj dU.£Lal cllLluia. ^ ^a^lu^l 20 

l ym sjjIxaII (Jjj^ _all £.Lall dlLj^. > ii 

liLljj^jA j*JJaJ (jfLaJj .^jIjS a^c ^Uail (JSJ^J- 4 c^J-"^- ^-^_a-aj] <jj 

i ( ^vs-&\ j ^gj^Vl ^jLall ^Lj^VI <Jij& (j** ^jii^ 3 S^U^l ^Uaill 

eliVl^- (j£L<uj .^llLaJI (Jjr >Tn\l (Jjj^a _all _J^^ J CjIajJj <\\l cJji^J (j-^y 

SAiAaJI 4joijjj]| ^Lall Ja jJak Ji&> tS^ ^j-uUiii ^ijAjll (jli JjjiJj . i n Vill 

^Lall £jjjJ ^Uajl Lalj La^a l ■ lilaJJ j i n1 -s ^Oj-aj 6jjlx»aj 4.C.1 j> <-i 4_iLaC. (jj 

^^ila j-al AjAilaj A^ajfi cJj-aVi (Jjir.unll j j^ajll sjjla-a (jAjJaJJ ^^all CllUaUiull 
tlllj Ullc. jj^j jajII CLi!>LLo ,1'n.in ^1 ^JjSill CjI n . n^J jj Clus. 4^Uaill 

iL>UI ^ujUVI ^9 ^UiUI ljU-uJV! 8-4 

CjI jja£ I^jS c-LaJI <_lUujj <_L^al jail ^jla^a j 4 j-\ . ^>ll ^jLa^all > ^>"i 
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Axo*j ojjj JJjljJ lil^pjJ ' " 'J"- ijj^a-all C_L» ^1 L_!_aajVI ^ t—Sjx«all 

<bU-a ^Vun"l j .i£Hisia.Vl 4-a jlLs j L_l jfiS/l jlAail oAi ^gic LjUjouVI 

. ^kila j (j^jUia a^jjLo slia c-jlWiV <20-4 aJjU-o c(Manning Equation) 
^Jsujj AjjuJaj ^gic. (Roughness Coefficient) <n 4j^iiJI J^U-a Aaiuj 

0.011 Jl?>-a ^ ft ^JSJ (jjiLaVI (jj-^ J jV_>^' (Jlj^aL-all (jx At.'I >*\l 

j jjai 1 am t»U.dftH CjX^s jllj > all p,Lall ^ (jjfklil Lull ^1 j .0.015 

(joj ^jl jjj t4_la _a^la Ajlc- Ajjjii. L_S^)j^a]l sIoa! |» ^"un<\\l (jjJaiiall jl ^ jaaSI 

J j .0.013 jjJ-?-^ j»^>J ^ Sa<u»-J n <ajs £l£ Uiu c0.026 j 0.021 

^jJa j A*J3 t^jJaikla ft ^ oAjAa. '— S JJ^ ^ dlxuJ%jl\^ I—UjUVI j-a (_>»*J 
Q = i^ Ai? ^/2 (20 . 4) 

ft 

(cu ft/sec) i^UouVI = Q 

j-all ^ jj ^jic. 1-lLuc! 4j j i'ii-n \l (JaIxa = ft 
ft" cc_sLja»£U ^gjuiajaJI ^JaLJI 4jaLaiA = A 
^Jlc. <a _ajuiLs LS jJajxl\ ^JaLaJI ^Ljoa) 09 4 ^giLil j j-llgJI jlzal\ t "o>^i^ = R 

jjjVI 4jajll 4iiai<JI JaJ^a 
ft/ft ^ JJO^I ^JJSII J^j! = 5 
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SI ajjUI CjI^I jIL 21-4 <bU-o c^dU aLUa ^a^j 
Q = - Ai? 2/? S 7/ (aj >a Cj| ^! j) SI (21-4) 

m 3 /sec a_ia£ = 2 

j| jaII £ jj ^jlc bLaJC-l Aj _^iiJI (Jxlsua = ft 
HI 4l_lLlui£U L5 jJaj*JI ^JaLJI 4a.Laa = A 
^Ic. <La j>iiS« ^jjJajxll ^JaLaJI AaLaa) m '^-^ JJ- 1 ^' __>iaa]l ( L^aj = i? 

(t_J jfiVl AjJajll AjUaiaJI SaJa a 

m/m c^lJ JJ-^ 1 £ J-^ 1 J±sJ = S 
(20-4 aLUaJI) aJ1*a 23-4 ^ ^jLjJ JakkJ! lUo 

JaU-o <aJ j tlfrjJala JaI£ ^^Ic lah* C-jUouVt jjlj dilaJ AjjjWI t_±ut£U 
jiaSj CjVjViJ Ja (jlJul jjacl lili .0.013 <j jiJiaJI 

l " \\ ■» li\ SJ (j-a LaAjJ^ij (j^-aJ (jj^p-VI (jaliVi (jli (Ac.^}jaJI jl t(_JjjjVI 
^ _ojJa j-a .8 in o^iaa ijiij !A!Lai .^pUJI SaJaai <\\\ jiC ^ jxjija ^jSj > J a Jaa. 

1.7 cu ) 760 gpm U j^a i^Lu^l t> AoaS (%2.0) 0.02 ft/ft a jjS ja^ia Jc 

(—iLota. (jS-aJj . 4.9 ft/seC sj-iS Ac^joi J.l*»aJ i—ljjjVi ^JaiLa <JaI£ XaJ (ft/seC 

j»J ^Jc aLUaII ^jU ^jojoiaj jjc lillj j 0.013 I ft fLja <^.i! cjUwiVI a_ia£ 

n (JaI*jI 

^jj tilil nViJI a jut jlj .24-4 aLUaJI J.iVnul jjc. IgjJala JaI£ ^Ic L_i 

^jjIj <_j jail i—ilojau^U 4i3la <i (JjIacI (^jic AjfLJjj.ligJI j . ^il la II ( . Luij ( . iLaia 
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(jj-aC. ( _ s ic. (_J ^ t—lUjajjVI .(J- 0 ^ (-jLbaijl ^gjj A 'V '2 ^£ 

£A kail liA £_Uij .lie. .0.3 j» jjuj jaSI y?*^ JaaJl: <-J jflVl jiaS ^ %30 

1 l^-v L>Q . ,\ ; ^jojl 4 t _j1 3 I I 4^Lui-fl 4 t _j1 3 I U I 4 J al l j \ l 

^1 j 40.78 j 0.25 j 0.2 gJitf! ^ 1 ja! j ^UJI Jiu5U U J\J> 

(>a %20 Uji LjUuij^l <>a (JjaxJI lOA Aic. gjj?^ (j1 Lr «J 

-uluudl (j* %25 ^ t_iUa»£U cs^j*il ^JaaJI ^Lu^ J j tf Ull ljUuuVI 

. f t2ll 

(Jjac. l>« 0.93 <-_iLijauVI jj^j Laojc (_iLujdj!>U (j j . aijl Aj^SJI 

AaaLja^l tilK'^VI jj^jui t^ljll t-jLjjouVI t>a t-jLjjouVI ^JaLa <-Jjj31j 

jl Ijki tJaaa AjjjjSj ^cjloj AaLutll Cjlinkill 24-4 

-» 13-4 (^31 10-4 t> 2LEL«Vl ^U--uVI 

10-4 Jll» 

c_ iLjjouVi 4j-<^ ^ljj (>^2 .0.010 ajl^La (Ja^i t^C- 10 in. Jj^awa 

^0.015 = n (^)j 0.013 = n (I) JaJ t> j f till 
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10.000- 


— 0.600 


66 _ 


_ 180 

— 170 

— 160 


0.00003- 
0.00004- 


-0.003 
-0.004 


0.8- 


Z 0.25 


8.000 — 


— 0.500 


60- 


r 150 


0.00005^ 


- 0.005 


0 9- 




7.000- 
6.000 - 


^-0.400 


54- 
48- 


1-130 


0. 00006 - 
0 00007 - 
0.00008 - 
0.00010- 


-0.006 
-0.007 
; 0.008 
-0.010 


1.0- 
1.1 - 


— 0 3 


5.000- 


'— 0.300 


42- 


~~z 


0.00015- 


-0.015 






4,000- 


f 


36- 


— 90 


0.00020- 


-0.020 


;:: 


— 0.4 


3.000- 






— 70 


0.0003- 




15- 






Z 0.150 


24_ 




0.0004 - 
0.0005 - 


-0.04 
-0.05 


1.6- 


: 


2.000- 


— 0.100 


20- 
18- 


— 50 


0 0007- 
0.0008 I 
0.0010- 


-0.07 
;0.08 
-0 10 


1.8- 

1.9 - 


—0.6 


: 


— 0 080 

— 0.070 


16- 


— 40 


0.0015 - 
0.0020 - 


-0.15 
-0.20 




—0.7 


^ 800- 
j, 700 — 


— 0.060 

55 

—0.050 '3 




1-30 .01 

: 4 


0.003- 
J.J^ 0.004- 

>\ 0.006 - 


-0.3 
: 0 .4=n 


H 


—0.8 
—0.9 \ 


* 600- 


—0.040 1 


r: 


! 1 


I l 0.007- 


--°ol \ 






E 

D. 

400 — 


: f 

r- 0.030 


1 - 

7 — 


-20 £ 

= 


£ £ 0.010 : 
^0.0,5- 


- 2.0 


ft/sec 


- 1.2 


300 — 


^-0.020 


5 — 


- 15 


0.03- 


-3.0 




- 1.3 










0.04- 
0.05- 


-4.0 


5- 


- 1.5 


200 — 


- 0.015 


4- 


-10 


0.06- 
0.07- 
0.08" 


-5.0 

- 6.0 
-7.0 

- 8.0 




- 1.7 


150 - 


— 0.010 
^-0.009 




-8 


0.10l 
0.15- 


- 10 
-15 


6- 


- 1.9 




— 0.008 

— 0.007 




U 
— 6 


0.20- 


-20 


7- 


- 2.2 


100— 
90 - 


— 0.006 






0.30- 


-30 


8- 


- 24 

- 2.6 




- 0.005 






0.50- 






- 2.8 


70- 
60 - 


— 0.004 






0.60- 
0.70- 
0.80- 


-60 
-70 
►-80 




-3.0 


50- 


'—0.003 















fii uUuijU hju uu^tA S^jS*3| Ci\l*\ jflj ijjaKWI Cii»\ j& jaX. 4JjU*J ^Lu LkL. :23-4 Jii 
(U.S. Pipe & Foundry Co 0.013 = n <J>\ bUiu,! 
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Q ! j£ ^ dO in. = jJaa j O.OIO = Jo*ll 23-4 JiSJI ^ J (!) 

.4.0 ft/sec = V *c>J j t 990 gpm = 

111 tn Ij.^r. Vj Q c> l£ s^-HJ '20-4 <IjUa1I i> (t_>) 

G ( 0.015 = n ^) = aQ ( | 3 0 ^ 99Q 860 = gpm 

y(n = 0.015^) = Q -° 13X4 - Q = 3.5 ft/sec 



11-4 Jlli 

ft/ft jlJaJ ^^Ic 48 in. ^^nr. cjLua£>U ^ILJI JjaxII <j^y 

^^Jl j lu^.a^l (-iLu^VI ^f 5 ^ -30 in. gjfc 0.00015 

ft/sec V 7700 gpm Q ^\ i-jLuiuVI uj^ 23-4 <> 



:<_i jaj^l ^>ia3 i—ilojauVi (3^c ^Luj .4.0 



D 48 



jjc ^ 3 ~q '^jM t> ijVjcl 24-4 JLill ^ LjSal 

dlLlla La £-a (^SsVl JaaJl jxJalij -Ulj ^ I jLijcl (JLojVI J^j jSLi -Li. ^jjj 



- 1.0. 

V " Q 

5500 gpm = 7700 x 0.72 -J LjU* 30 in. ^ ^ ^UouVI jj^ ^ 
.1.5 ft/sec = 1.4 x 1.08 = v ci jU 
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12-4 JUL* 

(5*0 Ij\ .0.0025 J** LS k- <*-^ j 0.013 = n d8 in. (j jU-a Mjfi' 

?2.0 ft/seC —1 AjjLoi* LjUoijVI 4£. jjoi aAi& t_jUjojl 



.(23-4 Jli) 3.0 ft/sec = r t3ll ^U^VI a^j^ 
— = — = 0.67 ft/sec ca^l 

v 3.0 

<c jjJI Jai. ^JaL 0.67 t> I jUj&I 24-4 <_&^ ^ Lii jSLi Ikk 

.0.23 = — t Jfca List JaLJ 
4.1 in. = 18 x 0.23 = 2.0 ft/sec a^j^ J-wJI 

13-4 JUU 

n t450 mm ojlaa ^ i—iLjouVi Ax-jj^j ^lall i_iLuaiVI ^Lu ^£ 

ljUuu! (3**J ljU-ouVI ? 0.00412 m/m JjaJ ^ j 0.013 = 

.300 mm 



0.00412 m/m = S j 45 cm = Z) — S 23-4 aL\*A\ p I^La>L 
Q fu n = 0.18m 3 /sec= 180 1/s 
y fu ii= 1.14 m/s 

21-4 ^-laiJj Vfiji j g full _J Jj.1i Ja. lilbA j 

= «(^2) 2 = 0.159 m 2 
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a 4 
nd 



J _ 0.45 



= 0.112 m 



aun=^(0.159)(0.112) 2/3 (0.00412) 1/2 
Qm = 0.182= m 3 /sec = 180 1/s 
V m = Q =0J8i= i.i4 m/sec 

A 0.159 



<uM ^ujSL 24-4 JLiil JaJ 



.140 1/s = 180 x 0.78 = (300 mm) d ^ Q oJ^ « — = 0.78 i Jfl ^ 




0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 
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LytuUSn ^ uUuiWi qJJ* 9-4 

(Positive-Displacement Water Meter) AjjUjVI <=>>\ jVI oLw i'-ic 

jj^)aJ t^J^pJjj (J^ajS LS J 2 *-* <— Sj^>*-« i— llj '*^>?^ 

Jj^a. ^1 oja^JI (jc jljj^ll (Jaij .(25-4 J^i) Iajjc. c-LJI 

Jaallj tAaSJj 4"nml ma j 'Ajajj AJaLou ^1^x11 li& elil joaj . <_Sj"> » 

CjLa-la. (Jj3 (j^a £jLuo (JSlui,j I i& jtLa]l jail JlC- ^AaJluiJ . JiaJI £3 jaj Ij jLa 




(Kent Meters Co 4ial>») OjJ £ jU j*j <jc. Jaa*»j J^jj <J 

jA lg Sajaijlj .^*J (jc (Jja > in "Ujojl till .ixl] 4 » ~1 i si fi Clll^jjj s^C CLljjJa ^al 

oel jS jc (J jj),ui<\\l t ^ j laj i in d Lull jc Iawj S-^J ls^J l?t> > no 

toeliS Jj&\ j±] ^»Uaj jjSjJj .(25-4 (J^j) Jjlall liil^J (»J^J <j' iJ? '""^ 
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Lia ^^11 isujjill jl AaislaJI 4ilLull 4 7. \U a ^ jSjaII i . i&all ^jj j .<jjuLJI 

ac-ljall .^Lkill aj£b ^gi Jja 1 n"i\l j S jj jail (j* ^ ? ^ * " jW?- ^ 



.C.U1I jjj! js ^l^clj cjbr^tll 




a jLft (Current (Velocity) Meter) jU j^) ^ ^Ull s ^ uj 

(JSuoi^ l& JJC. "ojLoll «.Lall 4_l<a£ t ; U nl Tn <C jjuaJ JJ^J Clll jLaU 0.1 jj-a jjc- 

^ jLiill JiIjsc. t _a».>i3 <iaajj . jxujouJI Jrmnil <jlajll <kj«Jlj J^jui* t>^»*JJ .(26-4 

^ (jSLaJ <J3lS 4£.jjujJ (.Lal\ ^IjVn V jl 4 LjJ > >i (_ llijoijl Cj^tia-a ,_£.}] <J3J1 ^j^alikjl 
f.Loll 4 oh it ^ o^jii-a tljlj jLii]l Cjbl^C jU gJtiLjj .CllljLiJI jjjJj 
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.■Uaia-Uil j <U£ ijbUuiWI <> J£3 "Aaj cjUAja ulku yjj CiU-lai] ^idi »Lm jIjc :27-4 <Ji>i 
JtJft lili y^jUfl (5 ja-^l » jao. yjj pUS c^U JiJ»" f^ 4 -" 3 (J^J t'lhfouti ijUUui^I jje (i) 

JtJft (jfl f US ljUuj 'V; j»UuaJI joSj (**ijj*Jt ijbUuu^l jjc (u) .jt^jtUI <>aj*J! "jjUjVI "aIJjM 

(General-Service Compound <-_£ j-JI jIjc t-ifljjj 

j»jL ( _ s £jjL«i jj J |»Uu^ jj j "uJ-aJ "^Ijj jIjcj tjlij ^l^c (j-a Meter) 

Jl'ic ^jj iljLuu&U CjV^3«-all <_DU. jUill Jl'ic ^Jj frLall Ajt^jh 

Ai^SI tSlli .(27-4 Jli) "uiiiiJI cjV^II i£U> ^ jV 1 

^Laj^a ^JSJ i£.Lall (j-a Ajjaua 4_i«a£ '(j^^J*^ ^)JC- jlxll 

( ■ iLluijVl O^zPl L)*£j$ j.M T*" 1 ^ cs^ J^J^^ ^I^C ^liillj l^llj UfLijLajJjl 

j^Ua]^ (SjjjSII aaa^Ji cA^yA) 4j£ja1I djIjl^aJI ^,^h.n .^^all 
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. Ijlico Ij-al JJJ^ l)^' 1 '.' ojjiiaJI 

dibl^stSL" UUJ (Proportional Meters) 4_ruuill tiibl^JI ^1 jLiu 

Ji.ll -jI^xJI (j-a jUJi (j^l L-iUjouVI (j-a -Laa If. ja. jl AjLia. (j* ajaiVI jjlil -is j 

Lika (_gA ^1 j (by-pass measuring Chamber) ti lA 

Stic ^l,j»aJ (j^J ts^S' c-jUouVI <J?u-iJ ^ cjLj i-ic jl ^jUj) 

(_3;iJ^ jW- 4 <laaj lie. (Orifice) 4^aa jje Igjjj ^ LiajL^. ^Lall jlj^V ti^A 3 
.(Diverging Tube) i_ixJ&a l_i jJi jjc J <<jjjjjj1I -LaJI 
q ^q-N j ^ jlc .aaa t*iVi l-jLjouVI fW^-l ^.unill j!j*J! ^jWinn 

.(jjLjall ^i-iJj (jUt-a jjc. I . i\j t aibj col jjuj AjjlLaJU 
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J (Differential Pressure Gauge) C5 LiaUill Jai^l cjbl^c. jl 
as. yja (Nozzles) jL jJI CjU ja j CjUjs j t(Venturi Tubes) cs 

.*Lall 4_aiaj! ^3 t_lUuijVI (jAlsJ AjoiJJjII <_>ul-isll dll jj it_ljfjVl Aic 

I Jjj' <a jLa-oj i4joo .laia eja. £-a ^jjlilS i-Jjijl (j-a 28-4 (J^joJI ^kiaj-all j!.lxl! 
.lie 4£.Jjaill jljjj l_J f-Lall i—lLjjouljj . ^ \ i rt\ Si ait • a (JjAjLo j t ■ It uiLa ?■ ja. J 

(_3j3 (J^laj .2-4 <tal*-a '2 SI UU Ujj j^i.ull ■ jail IjS^-a ^paiaJj t(jli alall ?.jsJI 
. i_lLluij^/l J-la-aJ (jjlij (jjJ taLa!! e j^llj Jiiall (jjj Sai ■ tail 
t_)Lli.*uVI (Jill jlijll cJja ■ alj AaJ j ^ jia (_3J_W j*° '-r 1 ^ - '-"^ '"" j» _J^J 

Q = CA 2 [2g(H l -H 2 )/' 2 (22-4) 

m 3 /sec = 2 

1.02 0.98 <> JU^all (jAjJa jjlj a-llc j <L-SJJ*^j1I J-U-a = C 
(m 2 ) ft 2 t(jj> «. jail ^^jJajaJI ^iaiLall A^Lowi = A2 

(9.81 m/s 2 ) ft/sec 2 32.2 ^ jUi = g 

(m) ft (jijalall S-jaJj (JiAall jJJ Sail . al l "jlc (Jj3 = H 2 ~H l 

Aa jaLaJI Cj| jSII ^fl ulxuuVl qAA 10-4 

^I^&JjuiI la J SS AjljLa AaL^a jlj-a ^^Ic- uj^<all oLlx» (_£ jj^j 

<a. jiLa till ji3 ajlc Jijj i-jjj^all oL^ jli lillj tjc. !^Lja3 .AiajJalaJ! tllbl^xll 

(Par shall Flume) Auxi^all JUi jb oUa jli lillil .IwuJa Clil jxui ^ L^laj ja£l 
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jaLa ialja] Jaiiaj c_Sjl&La ^Ua^ ^ (29-4 (J^ 1 ) j-aal! Ajxit^all 

(_jLu*j^l (jiilL jl o^-ajj .(Converging and Dropping Open Channel Section) 

t jfLaJ ajlcj .SA^ jJI aJiA <Jjii ftbdl L-Jjjojia (_^L}S JlC- fiA^jll oi& ^ AJJ^J jLaJI 

aAAa t_iLujaj| Jkjawij Jab s^lc -Ljjj l£> 
isa ^>a J^^l ^ 4a. joLall filiall jjI j3 j] .28-4 l&^I ^ £^ j-^ 

8 J 1 ft (JJJ AjJa^)C (jji >i ^)J*-a j 4^.jliLa aliil <— L j i .Will ( ■ ll * tia Aj^Uua ^ju^sj 

Q = 4BH 1-522B 0 - 026 (23 . 4 ) 
(cu ft/sec) tt_jUuuVI = 2 

ft t (j j » al l JJ*]I (ji JC = 5 
ft '^ijj-a jlc = // 

4i^jj-ail 4 jti . J (Palmer-Bo wlus Flumes) jljb jUlb djljja jijjj 

(JjAjSI lillj j jJjU-aJI e_uijl ( *JaLa ( fijlc L_£jJ j 'bjt-^J 3-10 SjSall 

^j_jj^a alj-a l^j jl > ^>'i (j-a jl L_ajj^all oLi^a ^»Uaj t-\ ^jlill t-)Lli,iuVI 

^JaLa t L^alLa 4 Ja L (JLijL dll jja ( . uS jj (j^-aJ V 1 n'lji .aJ^)iLa <U&1 ') . ^ 
.i—jIojouVI (jabs ' fl^J jJjLa-all t_njlj| 
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5a, jiia SUi ^ uUuu^l (j-Xiil ijjLwiS JAjW SUa :29-4 <Ji£ 

14-4 Jli» 

.^jUuuVI '.""^ -18.0 in. c4.00 f t jc- 
23-4 <IjUa1I f\ iVimL 

Q = 4x4.00x1. 50 1 522 ^ 4 - 00 ° 026 =30.0cu ft/sec. 
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Q = CIA (24-4) 
(cu ft/sec ) tCkj*& l?^^ 1 = 2 

4-4 (Jj-^?- '^ajojll (j^ajLk^xkj Ja-ajl lajJ (jL^aJI <_J-al»-a = C 
L_S^JI 4ikia J*l£J a_pUl t>»j^ IjjL^-a JJjjll liA (jjfL d. U2kJ J jlaA 

in/sec k-jUouVIj ^aLou 

acres 4t_a^^all AilaLa 4jaLaui = A 

: JUH£ SI yi 24-4 gj.n'j 

Q = 0.278 C/A p^jLJI <UJ) SI (25-4) 



m 3 /sec 'Ckj^ = 2 

4-4 J j^a. t<jLjjaJI lW** = C 

km 41— S^j^all Aaiala <LiLaui = A 



25-4 j 24-4 tltfjU-afl (AjjlwlaJI jAyflaJt AlijIaJ jbjaJ! <l£L»bu» :4-4 JjAa. 







0.95 J] 0.70 




0.70 J) 0.50 
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0.50 J) 0.30 


oii.lj SJjIc IfrjiaSj Jjialia 


0.25 J! 0.10 


CjL^Lm '^jlio tjjjl^a. 


0.90 J) 0.80 




0.95 J) 0.70 


oLl<i1] 2 * i"< i Va.J 


0.25 JI0.10 





IS* jy'^i y 'cs-^-f^ *-UaxlL (j^ajiu jl ^^IiaII J jlafrll j^ij 
^ lajai (^gic- iSJ^-i ^J-^ ^UaJLa ^jjjj jl t j-^ nj ( " Aja lauill LliLjaiki<a]l 
jVi<\ll <J jia^JI (j^> J* lA?^?^ (J-alsua (jl .5-l«J (J^lalla (_pajVI 

lIi^LoIxaJI JgJaJ .Siia-s. t_S^j^a VqlVm (j-a ^ -s Sa > nil jLjaJI ^ ^aIj^J (^-Jl 
(3iall« j Siia-a Jjlalia ^gic. JJal$J jlxaJI yVyi a jl 4-4 J J^=>JI <_gi SlkxJI 
^tujjoaJI j l-i i nil dsli 4ji.jaLall dsLaLaull hqiVi Uujj t^JajoJI ( _ s ic. (JJ^ jl^«*ll 
^gic 1 g i uLlSj jl Lul ^xa l^-nno L_S^)ju<all ( ■ ) * . jl-i<\ll * La ^h* aJ 

..LSI jil! 

JjlagJI AilaS jA AjjUuLaJI (j^.^ll 4j^U»a ^ Ijjiu JJ^VI Jj^iojl jj 

4jUj_aj J jVnni (US Weather Bureau) ij £jjJ)}\ ^yilal) t . uS a a jL .^jLuJI 

(_Jjlia 4jjia-all djV jJa^JI dlV-i«-a Vilr'i ^ 1 J^/'La jJjl ^» J&j (Jj"> ' * .j&r^ 

liA 5*1 j3 4ai£l O^J 0 <jr^ ^ lA? -30-4 J^l A ^£ J s-^ 0 

J j Vigil ( _ 5 j^aaS/l -Ljuj jiall jj%JJ «4jLLl 30 club <L^alc (Ja.1 (j^3 : klaa all 
oj^a jjI jJJ ^a_jlall J _aia$JI j i2.9 in./hr jA Cjl jLj 5 ^ jlall jixall 

.3.9 in./hr jA 4^ 25 
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0 5 10 20 30 40 50 60 70 80 90 100 110 120 

^jill djUialLJI ,J <iai 15 JS j t JUcVl CjlcUaa <J dj| jioi 10 

jjSjill t>j (^c. 30-4 JS^I ^ J J»~iil fWu/J J o^o .loJ*J 
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j|ji£a tilli ^ LaJ ti_Sjj^all <iLla jj^ajU^xaJ Ujj tiUj j <i}3J 20 J 5 (jJJ dj^jll 
.^jljjill ^ ijkljx dll.lC.lijj t(_3Jjla]l t_ijjLLa jliajlj 4^jj-all <^Luu> 

15-4 Jti» 

(-UjLjVI J jial J^Li jSjJ (^ill j c 31-4 L-Sj^jJI "iJ^I 

30- t> Cj! jioi 5 JS J j£j ^iVu j t^lkull J*l£l 0.30 ^ jkJ J jL^I 
. jjjU-JI ^ 2.0 ft/sec UjJ 4x^j^ j 4 

JaJI 



400/? 

2^t 60 sec 

— x 

sec min 



3.3 min 



~ 2x60 

= 3.3 + 5.0 c^jlouj tl Aikull 13.3 min = 5.0 + 3.3 + 5.0 lS 3 ^jall 
JLill J .3 4iki<J] ( Ja-AaII t> j Jaaa) Jaaa j 8.0 j *2 Aikiail 8.3 min 
min o j^a ^ (l£ jlsuJ J jjU ^^sl t> 30-4 

.Aj^ 5 JjSi ejiai 4.4 in./hr / (jjkJ J jla^J! jjSluiS cl3.3 

CA f& 

= 0.3 x 3.0 + 0.3 x 6.0 + 0.3 x 4.5 = 4.1 
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24-4 ^JjIxaII ,J (j^jjxjlLj 
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JjM uLmu^I 12-4 

jVVl J J jlOaJI (JjjLjS Cjlkx* Ala j^a. CS^\£, j oic UjLijl ^fll 

i ( ■ US .nj 4 (jXuiAi^-ttll aJojIj IgjS LaJ 40.^2a1I CjLjVjJI <J-al£ _>JC- 

(_>jjUaJI Clll jjg Vi qajJslu .^^.jljaaJI ^ > n n\ \ j 44jjji3l (^j-ic AiaSLa^aJI A -\ \ i a j 
(Jj7> i JJ jL^-?- ' . 1^ » " <-J Jfjl 4 In i J ^ ^ ' " Aj^Luj I jL Alt^j j-ajll 

^Ijj ■ C3J^ (J^J lA"^* 4 ^ JJ" 3 ^ <LaljC 4 l-i i ill lJ-**J eUl t— lj>ud<\3 

LJlc- (jSIj 4( ■ iLluuVI (^j-^j -iJC Ajj.} j^J <— S-^-J ftLall l— Jj> nl<v lil^pia 

j-o. jajj .^jatjJall jLpS/l <_£jl=»-a ^gi (—jUjouVI JJ-i2j lIiIjWm JJjiaJ f^J La 
A a i—SJjL^aj] jLull Jll tic CliLuiUa J-I^LjAj tiljaiall Ul ^'iVi J '■^jLull 
jJ-ilLa ^ i ii <\\l oj!la eLall 4_Ui ill j «\ (^Lu a ^JiC (Jla^J . jliill 

J^l jLu&VL ii5l3 LjJjJ JJ-iSili illLuaAa <_>saai ojlc] (^aJil .(JjILoJI i—iLuiU^I 

jLoJI dileljia (Jjjikj ^jj .cLiLiliill ^Ijj jl ' , 1 ; ■ " j"'^ (jc- -7- "'' dilil^ajl 

(^g-ajJI i-jLluuVI Jajoijila ^Liill (JJJ^I (^j-^ '"^ flJ<Uin Jl liljVi Jl 

aLJI C!x>Lai 1 in" (jl jjc. t * 1 Vi l^jcLJaj l^ilj^. Juj ^^Ij jJ^SlJI diUia^a JAaJLoib 
.4 <ug Jl 4ja jfLJI jll j dil jjS Jl (J Jc. ^ jjjj "AjaJajaJI 

diliajj jl I jkj .sLiaII Cli'jij U 1 a3 ^3 sjjjS AlaAl J jl^sJI tjliuuV j 

4l^Jflaaj ^>jj CLu^. Jjl^aJI j jlgjVl ^ ^ji=2 L« Ullc. <aJU-all i_ajj-a]| oUx 
. j£-«J La Jal ujjiaall jjSj LaAk- dlLLuajV I t^llj jA 4oa4>I 
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qa aS^A <iaS> jjjU-<JI o^a (jal jjj (jl (^*fijj >3.5 mg/1 ajii AjaWI #.L<JI 

^gjc t Lw > >t j (jJaikla dlljluo 10 ^ 1 in. <«uS j] . dAjjLdl JJ^JJ 



1.001 1.01 1.1 1.5 2 3 4 5 10 20 30 40 50 100 200 500 1000 




<^jj <^Ui».l y^Ljli^ ^ 6-4 Jj-fcjJ (> S jjiL iijiuJ! Lujfl CiLUuuiU Iaki»» :32-4 Jii 

*U 7 a^a] AajiLa CjLlWiV Jj£i (^-^ *-'j?"V' f '^"""J 

4a-a jJI l-Lij . ^iMI 1— 1^ j7» 1 in <J£ ("ir.^ ^il .Clil jIjoi 10 ^ 1 in. 4-<uS JJ-^ J 

^jj JS il iUUj ^cjous Oxjj .JJ^all Jj3 Jj^?J1 tJ Jc- jll <_>Aja]| clil Saa <\\ 

o^J ^J^J (=^J • ' ^ 1 In 1 h jlla ik^Jj IAjjouI (JS^M At,} 1 nil ^>IjVI -Ij-^J 
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L>* J^jfi™ is, 1 " f^JJ 32-4 (JfLillj 6-4 Jj^aJI J A^JajA\ 

UjU J l^JjS (j}3j 4-lijjlj]l lIl^ > (j«a <Jjiud3l Uj-lll CjULijouV I L_!JJ — 1 

n.... 4 <3 t2 <1 n ^ t> Jil m J u l,. ^ ^ j 0 ^>^\-2 

. 1 + n Jfr <LajjaiLo m £ mJjoiLjaLo J£ <U11-«1=>.I j-a L-lui^|— 3 

4_JLai^n ' J jSLoJI ( _ r «iljl£. jlJI (jjjljLall Jfr L-lUuU^I Jlti. - 4 

.JflVl jj^all Jfr l$J 4jajjjJ! 
.4ji£_ja3I CllljLnll JJC. ^J>La Jai. J^^as! ^joij|— 5 

J e ^6.t j> U jLJI JiSJI J>j jjc 32-4 JLfill J J jSJI C5 ^io f j* 

i—iUioijVI jjlj %90 <j]Ula.l J CjI jiiuj ^ic. oialj . J jaUJI ^LiLal! Jc. (jal _^l 
ji cj ^ ji- 10 J£ f U 7 sjsi ci>> 22.6 cu ft/sec J&l 

^1 ia.jj V j 22.6 cu ft/sec jjSj jl £*Jh <*_lJI ^UVl oo^J <-iLjjuI J^** 
f LjVl SJia cjULu^VI t> %90 uj^ J - Ja1 l_>UuuI oli ^jii f U 

Jl I Jaj t^g-aJJjlc. jl 4_JLala.l Jjjj a^aJlmt .ia] .l&J) jULaJI A ,nj'q\l _^j£l AjtAjoill 

IfrjjJ £JJJ V J <UjLala jjfr 4L_sliaJI j Cllljl iJajall 4ijJalall 4_lajj j.li$JI ^jal! jj£ 

djUUaijl tij j^. j»^c. 32-4 JS^ill J ^ jjoijJI L*J J jlu&VI .1 Jain* 
u] -40 cu ft/sec t> j^t U^ll cjUU^VI <^jl£ tcjlji^ 5 ^sli=J 

L_lLuj»ljVI l^lSLA ^Ji AAJAa ) (JliAij t O^ j l oLl^ft ( 0*Q-N.**t Lijjill CllljLlJaljV I 4_1aA| 

dijSjl lili .178 cu ft/sec c^L^aull ^ Sjlill oi* jjc. Jj^?JI I^a J 

JjS/l L-jUjoU^I Jfr U jlSjjl (j^i t_jLujdjVI Ji*-a Jc i—Sjj-all sLlo ajJaA *ijja 

'18.1 cu ft/sec 3JUJI o^a J ^ ^ill j ^jVI ^-«jJI t_jUaijVI ^hyu.Lj Aili 
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r) 1982 ^ 1961 <> J* ^9 



4lM.nl CU ft/SCO 4 1 J&A L-lLjjaljl iajol jlo 




19.6 


1961 


28.6 


1962 


18.1 


1963 


34.3 


1964 


29.3 


1965 


35.7 


1966 


35 


1967 


27 


1968 


35 


1969 


36.9 


1970 


90.3 


1971 


50.6 


1972 


35.3 


1973 


59.4 


1974 


26.3 


1975 


30.1 


1976 


29.4 


1977 


29.7 


1978 


30.4 


1979 


49.6 


1980 


36.6 


1981 


59.1 


1982 



.178 cu ft/sec s J&\ »i$J y;>uJ (*) 
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<jiluaa.yi JSj 4_u 5-4 Jj-iaJ <> Jj-*?^ V 1 **-^ ; 6-4 Jj^> 

32-4 JlAll ^ jlia^l 



M 
N + 1 


[J ml in* nil f&jfi 




— = 0.0435 

23 


1 


90.3 


— = 0 087 

23 


2 


59 4 


0.130 


3 


59.1 


0.174 


4 


50.6 


0.217 


5 


49.6 


0.261 


6 


36.9 


0.305 


7 


36.6 


0.347 


8 


35.7 


0.390 


9 


35.3 


0.435 


10 


35.0 


0.477 


11 


35.0 


0.520 


12 


34.3 


0.565 


13 


30.4 


0.605 


14 


30.1 


0.650 


15 


29.7 


0.695 


16 


29.4 


0.740 


17 


29.3 


0.782 


18 


28.6 


0.825 


19 


27.0 


0.870 


20 


26.3 


0.912 


21 


19.6 


0.955 


22 = n 


18.1 



CjU jaJI j Cj) joaJI La j$ jjAjA 13-4 

Jaj-ujjxj 1 i La *J^-J (J ajl ' aa Jj^vj] <La ^aUjgbaJI dlV jaJLail jl 

^al^)ll i . iLluul 4_j^ c - La j i ni ^ ^a»aJl) Ljj3 #.Lall Cl)j£-a (j-ajj tl g ^» J tlgiLaC 
CjI&LJI j cAaaJauJI jrl^S/l j cdiljLullj 4^La]| ejj^Cj jjlj ^JjiiLaJI 

aLaJ JlLil j ^LuuS ^ jjJj Cj^j^lalt a^A .(jjJajJI J '<L£l<alip >°J^' 

a^&Uall jA (_£jl^aJ! (jJadll j .#.Lall 4jO ji ^Ic (j-aj cs - ^ -0 ^ (J^3^ * JJ"* 

CLlljaaul] jj^Jj .<J^»ollj c-LalL jj^aull jl J . n-s \L jjti >il j IgjS <Ua&! jjSSM 
AjjI jIuj^I 4jui Jjiallall Aallc <>ajO -la jixk ^ AjtSI jll jl (^ialiaJI 

-Ljlxi. ^^ic. 4jtaljll diljj^JI (j jSj j . i aj i ^ill ^ LoLiic.1 jj£j Laijj tLoij^sua 
y ^jio 4°C cf- s J ^ ^ cjt^J ch 3 J° 

.i—iu^all J!/Li. ^jLufcl (JfLij (JiVn j t^llill ^ <Gjoi J£ Jaija .iaj j jl JjJ (— ll j 

(jl jjj jj^j ij J jLI ^jJj jLI (j-a L^aLw (3fiajj (jl j^y ^LaS 

. jLjJjj (J jl jj jjoij (jA jl j <u > n b 
e.Ll»iJI '33 — 4 l)^-^I '"^ jaJaa <\; LjUj ajoaull ^xJyaW -li-lao jfLaJj 

0°C ^L>jJ jLfilb adaJI Iojjj JL-Vl j=o AiljS ^Vl *UI 

C%1\ (JJ*J .4 0^ ^Jjill c-lail (J j.^qll 4ilj£ll j .cLaJI ^lajoi (jA *1_>?.I Ldai-a 
j! j-alL Aajc. o jja A\ <-lul£ lij j j i ail i . I iSjplI AaLaC lila SI j ^clall jo ^cjLJI 

^lill oLi-a \f y aj Laiu Ja _Jj^Jlj Iajjj 4 C ^)^. ^ ; > r-\"\\ ^.Lall lijj ^Eill (jLjj 

.AiUS JaVl 
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<<•> 



(|Jja. jJai (i) (Sjao^ll (iLjVjJI JUi i^iW! ^uUi S jjpu yi fU) oWj^j ljJj^ <i^' =33-4 Jii 

1 o'ljj ^Jjl ml AjuJsuI fljjakjll oLi<a c^L^I S^Lubaj ojiA (j^iLaaJI CjIjIjj 

(jljj^ll jl (^JtOJjJI L_L>lijVli lOA ^yCJjj 'SJJ^I aUa ejlja. Aj>.jJ jbjj 

^■L^ll jiljj ^Jj^I j^-j j,^-^ AasJajaJI oIoaII (j-N > uJ 4C_SJx<a]l i—iljjsl j .^xj^j^ 
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jjjIjj (Epilimnion) jjj'^jb.uj t^ 2 "^ cs-^ AjsI^SI Ao^JajoJI 4jLJall Ja^illi.! j^'uoj 

^1 oJSjUl 4iu«JI AiuiJI .(-JUJaJI j-aj jjau la Cj| jLjj j ^Ljll 

35^1 mil AjJUJI jl (j^ ^tjlbj .SjSIjj (Hypolimnion) j jjia.1I jj.1A 

jLacVl alj-a AaJ (j* JJJ^ jl Vj t j jolaolruj ^ 1a. jj lillajoiVI eljiJ 

JiSl 4jjj ojjUI 

jjju£I ^jlj (J jJAjo j|jjj 4jjJuaJI l\ jaL <xikl\ AjjlaJI (jia! ^ j 

(JgjJadlt j)«a ^Jjl i ill 4*jJaJ J*J l_ll.la]l jjauai^VI Ula. ^JU^aJ jiij t jjJjfaJ 1 ! 

$.1*31 tlilkla (jjj (jjSj (jUaj jA (Thermocline) ^jljaJI jl^aiVI .^jlj^JI 

a ju fiqll 4-aU-J t— L^iJI <__iljj3l jl .^jjjoi (JfLlu ajl^aJI 4j?wJJ 4_}3 (J oSa JJ 
LaJJCj .IgJ l^j^aU^ailal j-a ^Jj-^I J^-j CS"^ W^^)^ JJ"* .ill (J*-?>J Sjjljllj 

ojjUJi AjLaxll Alxhl\ aloA ^ ^glfcl IgjjlfaS jOiu j SjJaaSI elj-a jjjj 

J*i Ja!>laa.VI IjA jj*^J •LsAiJ^- U^J^ 4a]jaLi CIjIjUj i n. nTi c( jjjiajljjj^JI) 
tjfkll] j] .*Lal! ^km ^tillj ^~>"'.)1 ^lill ^ t iL&Vl aLuJI jalau j! ^Ujll 
.«.La1L jjgjiull 4ac jj ^^Ic jj^Lw IjjjIj AjjLaJI t—lt na-sMI j dsljjaull ^ i_^j\ja1\ 
t . )}niTl i . ill -s In L^J^-J -^J AjSIj ^JojJI i-j-ijS mall sIoaII (jj^J t Sj » <*ill ^is 

Alilall sLa jj£j jSj .oUaII Aj^jIjj ^*ia ^ iJ^LLa jjgJaJj CllLaui^a]! jljjaub 
4_iic.j i_jI.1a1I (jjT* uiSVl *^Sl_j3l ((jjj'^J^jJJg s-ijUl! 4joa*JI 

(jj^l^j-ajall (Jiujl AjtSl jll <iila]| jSjJj ,£A.^x> J <^J^)S 4jjjJaC 

^Xs\\ (j-a AjJ^all 4j& (jl l^)Jaj jj^I 4jj£.jx> ^JajoJI £ya Ajj^all aLuJI ^ ) i ^"1 

^3 AaljaUiJI dlljjia]! JloJ .^ii^Lall 4jjjJaaJI _ja!I ^-a IgjaiLaJ AaJilj Albai (jj^J 
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IjLija. i ■ IfuiL . e.L<JI j_jaC "Loa^Lo JJ^VI (_£ jIuiaII jj-a #.Lall jjg aj (— la-ui 

tAaul jllj JaJuJa CllLaJlaua ( ii&J j-aVI < , l\l"Tn .iSj .^Lall JjS jjall (JaIS 

aUa iilklJ LalUJall M"lVi Laic. <-«JjaJI jji LLc l^likVI I^A dll*Jj 

.3^31 jA^U! £1311 
AjjaJl dUall L^jJjjAiA 14-4 

dll ina i <\t'i I^jS f.LaJI (j^s AjLaSj AiLL oe-ljj t^JajoJI Ajujall AjjjII jjc. 

(jUaj J] c-IaII (J j^J (J<\"i-s (Jaj 4jjJaj ^ilaj^aAJ Igalj jUiu 4-JJjll 

(jUaj ^Jjau . *IaJLj uj jau^all jl Ajjjll CllLaLowi ^ \"\ <\") I " ^LuiVI 

4asl ja jl: ^ J j*. jj>1\ J^Jl «.IaII (-JjjoUaj AIaC- i_Ju-ajjj c.Ia3I <_1 jjoiia ^LuiVI 
jjjIjj LLjjA j lj j* t r\ ^^.jljJ jl «.Ia1I L_l jjoUa] (J^aJ .^IjjuoVI (JjUaj (jAjJa -ilaJ 
jjJjfrll £J^I f^JJ -AJS oUaII jjJI ^Ins-VLij ^IaL ^^aui jaSI JjIaVI 
.J jSLill Ja^VI j> £a <Ji-SM SjLoi dip. S La1] AjS&I A^jaJL 
iJljllS J *i"»"n i " elilc.|ja]| ^~>*^ J£*J (Jfl ' » " ■ jl Ajjj AjaLaa j] 

n = ^ (26-4) 

djlil jail ^ = y 
^ = V 

f 7.^.1 U_U 0.4 J 0.2 jJJ ^^j^xaJI j (JajII t _g3 A^aLobal] Aj^j ( ajill ^ jl JJJ 

jJI ja^aJI J 0.2j 0.1 jJJ ^ jl jjjj C(_^al jail <A> jjj l^Cjjjj dlUajl 
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Jxuu LaAic- . jjjLijl ^rji'i'iH Lxij ^ uiKIl ja^aJlj Jja , n\l ^gi 0. lj 0.01 j 

^^JLu c.Lall (j>r> ; (jli «4a3 ^IaJI (_g j3j ^ ajuj <^s-^-*^ (JaLsJI ^^J?*^ olxall 

Jaj AlaLiw cajl£ j] !i\laa .%95 j 90 jjj AjLJJI AjLJI ^ — A 
^SUll J-Ull t> cu ft £ Jill *UI ^ jla c%90 aj^a jj j jJja j 0.40 
.*UI j> 0.36 cu ft = 0.90 x 0.40 :jL U£ 

t^jlJI ^cjJalL jl <H£]| JjUlJJ l^j-a eLaJI LJ^j^aJ tAjjLa JaI j=>£. t_flJ^aJJ j 
^ i j (Jaj (_^a (jjfLaJI (jLlJjll ^»l^J AjsjUill (JaIj^JI (Jaj . £.IaJI ^ui^i 
(j^j tAjl^l > nil (Jj^jojll -lljial (^gic A ijji-s ClllxjJajj (Jaj ijj^ajl ajjLa-a dllui j 
(jc LjIa a! jiia CllbuJa jj ^jaj iAjl^WI JjgjJI ^ 4_dliL j AalJb djLjjaij 

^jj^ajlj^j ^ i alS ^ya^a. (j-aj i^l^^J Lila Clllj (_^alj (j-aj tcllLjjiaJI (Jjji 
(jS»aJ 34 — 4 cJ^oll ^ ^jJal j _oA Ia£ j .Ja^LaJI , J ,n JJC. <_5-^« 1 J _>?-^-J (j^juLa 
^La JaLsJ (_£jl*JI ^aJI J .'a jj> .rs ,n jjiC- J ajjj^xa^a AjjLaJI iJaIj^JI (jJ^ J 
4j3 c.Lall / c oA t ) a^^-a uc. 

^joAj jj^a^g jac- ^La (J- 4 ^- ^ jLiuj .^LuiVi (jUaj cs^^^ 'j^*- 4 

JJC- (^^-o i_J-aLaJ Aj^aLi. aJL^. jA (^l^-a^ ^.LaJI i-_ljjaiLaj .*Ia3I L_ljjaiLa jfll 

jl ^JjJjVi cJ- 0 ^ 1 > iaJ) ^ , , n ^^all j t'a jj, ^11 AajLaJI tJ^ljaJI 

^-a joj 4j3 jaJI aUal! 
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b jia l-luiUjj t-jUuuVI <c jjo! jl (J Jc ^ajj ^jill j (Darcy's Law) ^ jb (jjjlaj 



v= Ki (27-4) 

(mm/s) J ft/sec u-ilWiVI 4x. jjuj = v 
(mm/s) J ft/sec jiili lW** = K 
(m/m) J ft/ft <.^SJ jjOiA ^-ji = i 



(0.003 mm/s) 10" 5 ft/sec jjJ U <> iLw UJ j i&Lj is: ^ ^Lij 
.*i£iJ (300 mm/s) 1 ft/sec ^> JS! ^1 4jjJI a-^U djbuJa j3fl 




h^l a-J ^ ^>iaall jjij^a L-jijj <^-?^ jjg Vi ^JJ 
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AaSjaJI sLiaJI A£ji. jl. jlJI ^J^- eLall J-M^ eLu£] (j<M <i ajV-jjj 

Ouiiu ^^ic-j (J-oLvSI (j .nil i ^jic. Aajau c-IaII ^-^J L5^' J-^ S-^W-j 
Ua JJ^-a ^£iUio (J^Vl 4j3 jaJI sLajI l_J ^joila t_l^a>jj ^cjjall I.JJJ La.jjc 

S.1aJj H -la mil (J.JXAJ La jlll (j hq-^ Lall -LjjLaII (JfLlj "» -W^JHJ 



jjSn till ^k- 




30-4 i^j J*i jj^xv* jjC LuU iljixa ji yJJ ilulj ^bui ijUuu! :35-4 Jii 



JJC- LuLa ^LaLa. Jjji-Lj JAJ tlAj IjcIxjIi LLuuil 35-4 (J^- 1 -^ J^Jij 
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sLaII (jjoilaJLa ^jijlij ^gial L_llajaij| J^lL fjA tCjipO (JiuiSU jn^u (IP-j-aJ 
(JaLs^j ^^iLjljjjagJI ^ jaall (JjUus £a IjjJa ( ^ h nl Tn t_)Lli,iul <C JjoiJj jaJI 
i_i-al*AJ jaall i— Ljj^aJ Jajjjjj-u tiajjj^ll e,a& jSjj (j^aljoslaj • a c^" 4 

UJ lis j <jLa6U (j^xiklaJI IaII JfLiij t^UJi J 'SAj^I 

2 2 

/iw " ho 

Q = nK k ° " ^ (28-4) 

log e {rJr w ) 



(1/s) (cu ft/sec ) t jaall <Ju>-ai = Q 
(mm/s) ft/sec t^jj jiill JaUa = 2£ 

(m) ft t^LaJI lW-^I t> A».jMirt\l 4jUoll = /i 0 
(m) ft tjj^sVull Jajji-oll jJaS t L^aj = r Q 

(m) ft t^Jall ^ yA\ ^ cLall Jjac. = /z h 
(m) ft 4 jaall jlaS t i . .Vi = r 

Ajjjaj ^Jj blaU g jjJI t-Lj.^j jail jli caJjUaII ojiA v^*..,,! |j| 

J jix-a (JSjuoJ liaSa (j jSa * o t4-ullLall <2 ^- ttj3 (J^-i- (j- 4 ^ JH - ^ J ^* jla-a 

i ; lliaaj .Aa^j jAill Jajjj^ll t_ijlaa ^^all j ejji^x^-all jac. 4 jt jjKII 4jjIa1I [JaI jail 

AjSIja jU ,1nun jl tr Q JJjtall jlaS t_L-aj jaili Ia) 28-4 3j.jI*a1I Jjaalaa 

•r Q JJjtill t jaa9a l_ a.agj Ja jji-all (j^alakal AiLla 
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29-4 <JjU^I i^j >»j j>uaa-« ^jU JaU <>IS IS jh ^1 Culj ^bui iJ^uul :36-4 <Jl>i 

LuLa !>LaLa. 4ijli-a tjL IjjIj UcUoi LiLu^ji 36 — 4 <JfLiJI j^-iaj 



2 = 27iATfc - 



(29-4) 



log e {r Q lr w ) 

h 0 j r 0 ^jIojs (jija J o^ljial <j£aj *rilti <^LaJI JxiUJI 4jUJj & iV 

f. I ^)aJ ^)JC jlJlj La (_LjLa. Aj j jSi Jsi (j£-aJ . JjJI <■— 'LLlJ j 4_ia2^/La ^_ya 

^^Ic (JaxiiU Ja _a^JI jjjLLa (Jjauoul Ajal^a jLjT -S_j2lJ ^yi$\ t_lUaJJj .£tjJa 4j^)2«j 
4jj jiill i_jluta. ij^J -37-4 (JSjjjII ^ ^jJa j^s _a& La£ jUikVI JJJ (j-a Ailii^a Clllaluixs 

Q 



^(/z 2 2 - V ) 



xlogj — ) 



(30-4) 



6 



xlog ( — ) 



(31-4) 
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JbuSf! ij j i ^n jjc ixukJI yJU J*U (ji SjjS J5U j5j <j£bu£ uUuul :37-4 JlA 

30-4 mJjUaII ^fe jjlaU 

16-4 Jli» 

.36-4 (_&^ ^ £CjJa_^ jA Lo£ Jji^ii « (J-aLa. ^ 2.0 ft ajlaii IjJJ Jbail 
ft Jjaxj A «j\<, AifL a jlauj 50 UjJS 4 udUla AjLkj <U (^lsjll JxLaJI 1 J 
jU-aj jJ! ^JajoJI (jl£ j .(_J>aLaJI Ajjjij <J>al»-a JJ.i£il ^jJa 4-J^}^J dy^^l .115 
.AjSI jxJt jU j JJJ (_pa j ^cJajuo (_£ jiuua CjaU 49.0 ft t>a& <_ r lc ^ jtfl 

jjlc jbVI gj «.UJI i-JJjoilla djjSLuol if[Jl o±*l 0.46 ft/SCO Jj*-aJ *U1I iuj 

30 ft Mb* ji> ^ 12.1 ft i jU^VI jSj ^ 21.0 ft ^Liliitfl 
l_uo^I . jUaiVI ji> j& 100 ft ^Ij 4jal^ jjj ^ 7.9 ft j 4 jlii=>VI jjj o& 

4^ua j^a 4jjui' t Jl K tdlULnll a^A ( _ 5 ifr bLaJC-l ^Lall (J-aLaJI 4jj jSj 



• 36-4 JSjuiJI ^iaj^s jA La£ es^-"*^ (J-al^JI lie Lui^^a LaJajoi ^yajji] 

h 0 = 115-49.0 = 66.0 ft 
h w = 66.0 -21.0 = 45.0 ft 
hi = 66.0 - 12.1 = 53.9 ft 
h 2 = 66.0 -7.9 = 58.1 ft 
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:^VI 31-4 <bl*-J ^ o^uj^l t 

0.46 cu ft/sec /100ft\ 

Los, | — — = 0.00042 ft/sec 



2tt (50 ft)(56.1 ft - 53.9 ft) Be \ 30 ft / 

h w j 66.0 ft = h Q a j^a jll ^JU <_LaUJI 4-*S Aic jlJI (j^liaJ 

(j^ajiLa (jlaliijVI -Ljji-a AiLa. (j* 0*J ( _ ? lc. j 1 f t JJ^' ^A^J -0.0 ft = 

(Record ^Laiill jj^likVI ak- jjLJI jjJI ^jj^^u l-jLo^. j£ .700 ft i) 

29-4 ^^klub Drawdown) 

66.0 ft -0.0 ft 



Q = 2ti(0.00042 ft/sec) (50 ft/sec) 



loge (700 ft/1.0 ft) 



^Lu ^ (^) ?45 Psi -J f^VU "^jjo^l ^JLu ^ (I) 1-4 

.43 Psi (^) '104 ft (I) '<iy^\) nOO ft a jjS j^ILJI ^ jUI 

JiLa ^Lj ^3 t50 Psi 0*£j ^ Jf"' (jr* laxjJall JS<U ^JL I j] 2-4 

<_! jijVI (Jj3 30 ft ^lajjl ^jlc (_gi J J^-J-a JJJ'' a lS-^ t^f^ ■ 

?4-a^aJl il£L^ j 20 Psi oj-ia "jlc. iia q±\ Jiali <_>mjjjJI 
^ (^) ?230 kPa _S jtuVb "^jjo^l "jkl! <jJLu ^ (!) 3-4 

?40 m a j^S "jkl l^SJi ^ jS-JI Ur > all fJLl 

ljLjuuVI <Ua£ uj^j La^jc 8 in. a^La (_i jojl L_>LuiuVl l_u^I 4-4 

.(2.56 ft/sec cJ jaJI) 7-4 f l^luaU c&,Uj ^> ja^j <400 gpm 

(-iLwiiVI aj-»S jjSj La^jc 200 mm ajiaa <_ijji! <J L-iLuujVI L-iuia.1 5-4 

.(1.27 1/s J 8-4 ^Lul! ^iaJI ^Ul <> jLa '40 1/s 

all* Jaioia j 100 ft aj^a ^tiSjl *jlc ^ j LJjJ ^ AjKJI <SUall i.i..r>l 6-4 

.3-4 4JbU-aJI ^.ikU 2.0 ft/sec sjUj-uI j 50 Psi 
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all* ljuJa j 9 111 a J^S "jk <U L-luljl La. ^fl AjKII AiliM i.1.h">I 7-4 

.(51 mu! jaJ) .4-4 f^auJ 1.2 m/s ^W^ 1 >*j 410 kPa 

ajJ i_lud Ji**l 14 in. a jiaa t_j jJ 2000 ft "jkll .& i_iui*l 8-4 

.(2.9 ft <-i! jaJI) .0.025 lsJu£ <-j jfiVl cJKia.VI dOOO gpm 

L-Luall Jj^aJI (j* 8 in. 

0 jjaa L-ijail ^ 1000 ft ^ jkll Jas <_bacJ 9-4 
t^Lu^la - (^jta <bU-a ^jaJLJ c500 gpm ajia 4-iLu<ul lT^«-<J (cast iron) 
.6-4 cJfLil! (j-a aojoiLaaII juaJ j 
iaa j'J tl00 Jiju C 4-ual 7-4 l&^I ^ <>M - 1 10-4 

<800 gpm Jaij Jj^aJI t> 10 in. ajL>a e_s jd <J L^lWiVI ^ j ^kll 
?140 l$ jL«j C CjjIS I j] <c jJI j "jkll Jia ^ ,jJjj ^ 
iia Ja§ d00 JjUj C <aj51 8-4 l&^I ^ yjUJl ^Wull -> v^...1 ; 11-4 

<> tjflao .22 1/S l^ij^lu 150 mm ajJaa LJjJ ^ ljUoi&I Ac^j jkjl 

.(1.24 m/s j 0.019 m/m ^Vl) 1-4 j 10-4 ^.liluL MA+\ 

gpm jl^LaJ eLaJL j jg aal l ^. ^klaiJ <_J jojI jlaS jjfL jl ^gjuis f£ 12-4 

U00 Ji*3 C a-ojs J a^ljiabj 3 ft/sec <c>J jjUS V cixuo 1300 

.(14 in. cJ jaJI) 

ft l^claijl 4jj ^io tl00 = C 4-.ua j 8 in. ajJaa L y^j alo* -kk 13-4 

aJI jll AjjILui 750 gpm ^-L^aSl! jl£ lila .Aa^ ^Li 800 ft J 40 

Psi (jj^J <j' u tjj^^P^ j2 Ajlgj Aifc (_g J» i ^Vl )-it i (jli cjjjl^ajl jj^a 
L-buiaJ .Jajjj^ill aiA iliUUalaJ plil^U laail JakAa >^ » all L_buaaJ .20 

.7-4 JSjuoJI j 8-4 ^l^iuiL ^ 

C <_Wj«-« J^^ajJ j 4-^^ ^a^- (^C- l -r 1 U Ja ^' J^-f^ J^' 14-4 

t8 in. a jiaS J (^aal AjJala j ajjjj 1 1) a jjLoll (—UjljVi Jai>. . j^ULj jjU 4j^U-<J 
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J^xaj «.U1I i-jUjudjl (jd c_j jJi\ (jx 2000 in. ^ 14.3 Psi jl£a SaiuJall ^aa JjujS 
. l_j jajVI I^J C 4-<ua t-u^ 1 '500 gpm 



Ayr .Va a I T l>b ._jL_JI 



in. |» ^ 

t 



r 1 }?P 



16-4 4jL*»lJ t^Ja jj jwuj :38-4 <Jl>i 
(j-a cjjjj^ajll (J^a-a i_Lua^l c38-4 (JfLuoll ^ ^jJa _a-a Vijun ^^-a ^»Uaj 16-4 

■lie 2500 gpm a J^S l$ia £ jU. i_iUuijl j A 4jaaill Ai& 2000 gpm a A-y.^H 

.c_ujUVI JSJ 100 = C 2ui o^J^ 1 -D <laSill ^ gpm 1500 j <B 
O^VI jj .39-4 JSill ^a ^IbjJI r UaSll ^Jjj^J! E j^sll ^-.J 17-4 

t_lLuuj| j 550 kPa 0J-i3 i_sjj Cj iai^a dlaj 100 1/S c5 jLulJ A He ^kjJaxB Ja.WI 

.^glftl JSU00 = C ^ <>JSal .40 1/s c5j^J B He U.-noll £ jU. 
jj .9-4 JLill ^ ^l^J UnnJ ^Ul ^LkJI ^1 ^jl 18-4 

'5000 gpm aj^a j^sSI lJjjj^jj j (Fire flow) (jjjl j^JI a La ujLujI 
,(J 300 iJ jaJI) -t-j^bVl <J£1 100 = C A-aJ (j^Jjal .B JUafcll Aic 20 Psi 
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1000 m 


1000 m 


+ % 

M 

30 m 
1000 m | 






^_J A 300 mm 


f 


200 mm 


C 200 mm D 

































17-4 ^L*^ f«j :39-4 Jii 



(.no USj .9-4 JLSM ^.^joll Jajj^l ca^i (!) 19-4 

jlja. ^ pLall ^iSS CjUaJaAll AlUJI i_Ujaa.l 4 6-4 Jliall 

ASUall JjL> la ;%70 AiuJaJI J <>ajjal -*l^l jjg ">"^ 

(j^jjSl ?14-4 <UIoia13 Ifrjqjj 4jfLJ JJ-llgJI -la JJ^I <— jl^xaJL S j^La <jj\l*>rt\l 

a Lw L-LuJ> ^jlkJI 2LkU AiLkil JjL. L (^r) .0.70 = E p J 

.0.70 = £ p o±J& ? 17-4 JUL^ll <jjI jaJ 

(jiluilJj (jjlij ^^jJI 9-4 (JfLuoJI <«i ^j^a j-all 4juii3 ^Uajil (jiajlial 20-4 

^jift Ijlajcl 2j 1 (j/l-^ £t_Ja]l CllLlla-La ^Joiji (I) -^la (j-a ol-a (jliajj 

17- J^ll 4ialj^i A&jjjJI 3ji2 djl-k.jaft] (_£ jl ^jlc. Jji.»*u3l ^Jialia ,*-=«• J>) 

£3 ^« Ola. (j) .AjJ^fl CjUlJ ^ jSLA\ ^UaiJI lJjjj^j - ^ifr b 'rtu ^uuajl .(4 

1500 gpm ^jic. i_ilkJI ^JLy l^c i Jai> a U^W 

gpm j t(<^&l ^jJI i^^iVI) 2160 gpm j t(i <nA \ <j£±£J J^ji*) 
.(i33ljaJ 2L»ilL. jrUi^l aJ lil^ t ^- a ftl ^jJ! tJfc^VI) 3600 
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2 A^i-iJa-ttil *« A 




(ft) > 




(ft) > 


(gpm)i_iy>^ 


(ft) > 


(gpm)^iyj^ 


100 


0 


350 


1500 


300 


900 


150 


1700 


300 


1900 


200 


1200 


200 


2200 


200 


2300 


100 


1500 


300 


2900 


150 


2600 







.^Uaill (j* (_>ajLii j»^C LjajjLa tjljajl 1000 gpm aj^a L_lLuajl 

j£«u .J 140 u'j^ ftLall <— i jjLttla j t^S 20 ^liij! (^Sc c-Ull ^ij 

Jj.laJI (j* 10 in. o J^J -iS 5000 <5 jla (_l jjjV AjalfLa <-_uAjVl A'yi.o jlik-l 
.(74 Psi lJ jaJI) 100 = C U^aJI 

(bep) -a^-j AauJaJ SfrUSJI j t^Ltll j ti-Lj.r-iMI cjUUj U 22-4 
^ J .2500 (rpm) J**^ a&^j J5 in. g-li-all jLaj t2500 gpm ^ 

12-4 cJ^ 4 ^ £uJaj* jA LaS a«.liSJIj 1 ° .' J ' — oJjIaaII t— ll.ua L<JI 

.(bep) AaUall .aj ls j^3 jA\ A^aJI Jj».uu JU-a j (bep) 





(ft)> 


(gpm)Uu>^u 




(ft)> 


(gpm^^u 


85 


83 


2000 




105 


0 


88 


72 


2500 


41 


100 


500 


84 


58 


3000 


63 


96 


1000 


65 


42 


3500 


78 


91 


1500 
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22-4 aIL^A\ 4i jA\ kLr^M - jlc. ^jja^ia 23-4 

60 <_S^ (^V^fl (jk> l=k&\ ^ -1700 (rpm) lS**1 ^ j 

13- JSJill ^cliajA jA La£ ^jJoaII JjiojJ (—ili-a ^joijI '(bep) — 1 %120 J 

.(33 in. d700gpm :(bep) j=JI) .4 
22-4 <ULuia]I ^ 4i jj-a jaJI ^.^i^ll ujj^j^aj — jlc. ^juj jl 24-4 

«2000 gpm :(bep) Ui jaJ) 12 in. ajiaa 2500 (rpm) A^j^ lUu ^1 j 

.(46 in. 

1000 m <SjL ^ l_uA:I .Li JJC. £3j ja jlji p.Lall £tjJa ^jj 25-4 
Ljj^aj - jlc. CjLua^ia ^jl .40-4 <J£j£ll ^3 £^ja >a jA la£ d00 = C 
<Jil.S i_ lLu t i jl (J-?- 0 j<u jljill ^ ^SjjaIIj (j^aliiall e.Lall ^gj j") * n o (Jj^* 



.75 1/S J 0 <jJJ £jl JJJ (jl jill 





45 m j 

35 m 




J 


1000 m, 200 mm \ \ 













25-4 ajL*a13 LkL« :40-4 <Jii 

jfLllI ^jJa j«all lajjaull cs^ - *^ ^Uajll i— SJ jj-aJ — jlc dlLu^La ^ajai jl 26-4 
jj£j LaOjc ^Uajl! i—Ljj^aJ - jlc ClAjj^ia (jlaail jj£j jl £3 jJJ 4j| Laic .9-4 

JfLill ^ ^ j^j* jA La] laij 99 in. JmViN j£>a ^JLl jj-iigJI £ jJull <uJ 

B (ji L-Li j > ^iMI jj^J LaAic ^Uaill i—SJjjyOJ — jlc- CllLiaJU (^Scl jjSluj .9-4 

.140 in. —1 LjL^ C Aic jjJ^JI jkll jjljj I jL-a 
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^jVI cjL^ jj .41-4 Jlill fUaill a^Jjjo^JI djUjil! 27-4 
LLjjuajl A .lie ^ijJI d\^n ja jj .<wLs ^UjjVI Ci Jc- tC t5 cA -Llaill 
m C (^i £j£ jaII jl jaJI ^ eUll aj^j ^UjjI ^JLj <400 kPa l-L^uj 
.5 'Qatil ^ JjaVril J] AjalUI l^US/I J» 8-4 JLSJI j^yj «35 

.8-4 JLiSI ^ ^Ln 



450 m, 200 mm f| 300 m, 150 mm 



A— VfOO m- 1 



28-4j 27-4 <^U*11 IikL* :41-4 Jii 

JilJ Uuj^l c^lj "^IJjj^I ( M ) '275 kPa .5 ^ »UI 

.(20 1/s J70 mm ( M ) '86 1/s (1) W^) jffiti 
^ jl tl^la^j 27-4 ^JLuiaII <>> <— >UUj11 ^l^aa^L 28-4 
.((^)*>J1) Jc^\ Uyj^l - 'jl«JI ^_ba* ( ((?)e>J) o^ikVI ^-sjj^I 

Jla^a (jl .<Uj^J 4-*-^J l5J^' 4jLUaia dlliuJax (j^J fJJ 

(bep) '36 1/sj 36 m ^ij 18 1/sj 44m i> l£ lU& 

HI (j-a JUwall j jfL > tj Jjioioll Oj3 jjlkjJa-a £jJa j Jla. .30 1/s J 40 HI 
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djUi^a* puij c60 1/sj 40 m (bep) ' 72 1/s j 36 m J 36 1/s j 44 

?8 in. a jLS L^Jj Ljd 4 in. jJaL AjjI jU s^Vl asc. U 29-4 

.(6 cJ j?JI) 

?100 mm (jjjjl jla jJJj^V 150 mm t_j jJ (-_iLu^l ^al£j Ja 30-4 
^ .100 = C 8 in. ^ Lj! 100 = C ji 6 in. t-j jJ i& 31-4 

?120 = C(^3 iJ&A i-JjjJ 

L_yjljVl Ja-. d200 ft J^U Jji. y 1 ^ 4 VJ^ J 32-4 

.42-4 ^ S>Lkll 4jJ jU 
Jlill J*Bj A frj&M jaj 4 4100 ft JjU ylL. e-jji 33-4 

.43-4 

mm a jLSj 1000 m a] ^ jajSf 100 = C VJ^ ^ 34-4 

150 mm a jlaS j 1000 m <S jL lj jJ ^ J^XulLi Jj?.^ dOO = C 200 
.(100 = C lS^ 183 mm cJ jaJI) .140 = C L$h 



1500 ft 
6 in. 



k 1400 ft J 

10 in. 

32-4 <!U*^ tj jlj^l yte UjuUi 32-4 <iL^ lakL. :42-4 Jii 
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1500 ft 1200 ft 1400 ft 
A . i • B 

6 in. 8 in. 10 in. 

33-4 ^U*ll JuOuu3l uujU1 33-4 %JL«U :43-4 Jii 

AaSIjII t-iybSfM J** lKj '1000 J jial ijL* 'J&a t_j jd JoLa t,mr>t 35-4 
c_j jjiVl BjA ua ^bVl CjjlS |jj (42-4 Jiill yi *alij*ll Ajjl jlA\ 

mm >2j 1000 m J jl> i-k^jVl (150 mm >aj 1800 m J jL 

.250 mm jiaa j 1400 m J> : Ji^Vl j (200 

(Jjiaj (J^-V ^Uaill <a^a^)jl (_£jj^jJa eL-a ^»Uaj CllLLu J^a. 36-4 

?Aj-a (jjSaul! j £C-aL\jj3! 6jjl*-a C£*i { \fi i i^J XJ1 ^ 
^Jc .IXa 12 in. ajiaS jjja-a] ^till i_jLiul)VI <C Jjujj La 37-4 

gpm (1)) ^ja-Vl ?0.011 = w (^)j 0.013 = n (!) ^.laluL 0.0060 ft/ft j^la 
.(4.1 ft/sec (1430 gpm (^) '3.5 ft/sec '1210 
Jtc 50 cm ajka jjj^ ljUouVI 4& j jJii ^ 38-4 

A^j^Llj (^) ?0.011 = n (^)j 0.013 = n (i) fl-aiUj 0.003 m/m j^la 
.30 cm — 3 jLoui ljUouI J^**! c_jLuauVI c_uuiaJ (0.013 = n U 

4JiaU-J] 24 in. ajiaS JjJ^-aJ ^_£UI ^ji^>Vi J-iajVI Jiu La 39-4 

t> %20 ljUjouVI 4a-a£ "-"^ 3.0 ft/sec ^ jLau ljLu^I Ja^ jla ^ 

.(0.0028 jail) JaUj ^jUou! 

t>uJa 5.4 CU ft/seC Jail 4j ^^JJ ^ill Jjj=k-a]l t-Jjjj) ^?La. jA La 40-4 

t^a&l JoaJVIj '10 ft/sec Ljj ^ jajouJI ^ jj^aall a^jjoJI Jjjall 

?100 ft /3.0 ft jAu ji6ll <U £ j^aJI 
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(>u^3 15 CU ft/seC (JSjJ Aj ^gj-a jJ (jill jjj^-all LJjiil jA La 41-4 

Ac j 2.0 ft/sec f»tj (-jLujojV Ljj ^ j.o...>Lalt Lu^ll Ac jjuJI :Aij7l J jjSII 
100 <-i ji6lS Aj ^ ^^j^aVl J^ajVI j 4 15 ft/sec 1$j ^ ja^I jj^I 
?jj^> ^jlLoLj ls'^ t_i joj^l j-Ha. jb. Au£ jik tft/3.0 ft 
200 mm ajiaa Jjj=-^ C^V. cs'^ p}*"^ lA^" ^ L r UjJ ^ 42-4 

jA (J <TN (J£J aJ o i ( ■ iLjjolj l (jl (jJajjfll (jl 4%0.40 J « LS"^ - J '^ <1 

.( L>a ^ 1200 '<iy^\) .1500 1/d 
100 ft/0.40 j^ia ^ (n = 0.013) 33 in. o ^ j4 43-4 

(Jac- jlS li) (l_j) ?2 ft/sec Aj3 Ac. jjJI (jjLau t-jljjaul lg\ ( Jic- (I) .ft 

^JLu 4 18 in. jA l-jIWsV1 

1.0 m/sec <_S 4-iLujij! Acjj^ ^jj ^il! J^ajVI jA La 44-4 

?450 mm a jlaa jJI JL^L^ll qa 90 mm c-AwiVI jjlj La.iic 

<^lc 55 cu ft/sec ej-ss LLtuul 60 in. ojlaa c_L^al jc jjj^-a Jaij 45-4 

CU J 6j.iLa L_ljjjbU A^a^LobaH JJC AxjjJI ^_^A La .40 in. 6J^3 L-lUxuj! Jj^c 

.(14 cu ft/sec j?JI) ?ft/sec 

j|jC t_SL>U. ^Jc (jjLijll A-aJlaJ Lwilla t_j£^ajl jjjxj IjUJ 46-4 

.lilJjll UjoiLu JJJ*J V (jill jLull 

±\"ic Jjioiij ^jLw ^ j&\ c2-4 aLUJI 44iLkll AtaU-a t> j^jlL 47-4 

.(28-4 JifiB) 

oj^a JaiuJa ^lc Jjja 4.0 in. oj^a (jjuJa jja-a ji ^jjlii Jjic <Jk"y 48-4 

lYlxl] jiC ujUouVI Aia£ l_±uiaJ .(JJjJall >a-aJI j Ja.Aall <jjj *.La]| ^ 120 in. 

• (2.2 cu ft/sec s-il j^J!) 0.98 aj^a ^-ijj^ <_W*-« ^l.ikiaAj 
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j»un\\ JUS jb SUa ^ 0.82 in. <-_i oUa! ^JjjJI jJbj 49-4 

aliall JJC L_lL>ajVi ijm-j .1.5 in. AjJajfc (J;UJa ^ <U1 CS^ LjLiuuVI 

lJjjj^sJ i_JjuaaJ 444-4 <auJa l-Sjj^all <alala jliic-L; 50-4 

4 1 ^kuil ^ c5>Vl cjULnll .30-4 Jlill ^jkJ! J^l 

<0.40 = C c2 AiklJl c7 min = J ji-all <>j d.3 acre = <0.50 = C 

= tO.70 = C c3 4ikL<Jl c5 min = J jiJ <>j <2.5 acre = a^U^ 

2 Aikiall (j< JS (J jjjU>a1I Jajixk Jjia <5 min = Jja^l <>sj 43.9 acre 
•3.0 ft/sec ajja jjjU>a1I ^ i_iL>iuVl <c.^ai Jsuaijla (j^ajiL t500 ft ^ijj <3 j 

.(20 cu ft/sec djaJ!) 




50-4 iJj-aSt LkLo :44-4 JS^ 

^^kal MH1 Cu^j £ jU. u^J^ f»J^' JJJS-^ J-^ 51-4 

min oj^a Jj^.j dili 4lLia J^lil 45-4 <_&^ll ^ 12 acre Lpaluui Apala 

j .0.15 ^juiajlj 0.45 (jijJ j/n'^ui\l jjjaLlaU (J _=JsuJI jLjjaJI <_W*-a .10 

4£**]| j .0.0020 j^i- ^ s^UVl l£ '600 in. CjUjill jjj a°L*J, 

i dl±a. 19 + t Ci ifc jjoiLi 131 = i — J aA^a-a jLuJI J 6.1a ~ 

.JjjtiJ lie = t j ^ CjLiu^l JOc 
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51-4 «U i_i j*al\ bfaa » :45-4 JS*i 
o^a JjSjJ (-jUjoliVI li* j! Laic tabl 7 (>aiklaSI LjUuuVI 52-4 

Jjjj tjsAA\ .4_ijVI LjLuujVI cLiULul ISaj tdlij tdiljlai 10 l£ 

(85 cu ft/sec tJ j?JI) 



cu ft/sec 




cu ft/sec 




170 


1973 


120 


1965 


82 


1974 


162 


1966 


74 


1975 


142 


1967 


110 


1976 


137 


1968 
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184 


1977 


254 


1969 


121 


1978 


367 


1970 


208 


1979 


145 


1971 


145 


1980 


153 


1972 


198 


1981 







cu ft/sec 




cu ft/sec 




cu ft/sec 




77.4 


1973 


89.6 


1963 


62.7 


1953 


88.4 


1974 


149.0 


1964 


15.1 


1954 


36.1 


1975 


121.0 


1965 


54.1 


1955 


23.0 


1976 


108.0 


1966 


27.4 


1956 


123.0 


1977 


81.4 


1967 


48.4 


1957 


136.0 


1978 


98.0 


1968 


52.9 


1958 


159.0 


1979 


191.0 


1969 


39.0 


1959 


186.0 


1980 


188.0 


1970 


42.4 


1960 


135.0 


1981 


271.0 


1971 


123.0 


1961 


117.0 


1982 


191.0 


1972 


145.0 


1962 



a j>"i"> oil sUaSI jjJj liUJj Ijjlja. Cjljjjakjil (JiW'n liLoJ ^j^l 54-4 

jliikl jjj ^VhAj Jj> -rs ^ JJC- (^jt-a lW-*- l — ^J^' 55-4 

ja Ijoj £41 .60 ft (JjAC. LS ic- Aiaj Ajtil jSI 4_ajj£ll <Llall j^Ja. JaUJI (Jjlkl 
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<i^j (JjS ^ «.U L_i jxxiA jl£ .(jjyjjJI jLII t> 360 ft j 60 ft ^Jc- 

ls x^.jA\ L_ljjoiLaJI dlij 15.0 ft (5*° (jT^ jV^ L>° <-J^ LS^ £CjJall 4JJ^J 

iJ^tAJ jliia.Vi jL (j-a ^CjJall ,1*J (jjlj^ll I— SjjJa (Jjj^ajlLj >( _^ajVI ^JojoJ 

ft jl-iLu Liaiijl La^jl ^.jS ^Lall ^-s Lxui Ljjoiia (jiUS t(ja-a JJ s-lal 550 gpm 

u«^l jiM <jie 360 ftj 60 ft ,Jc. jl! 4JI jJ ^ jL 2.4 j 9.1 
.(0.0013 ft/sec = lJ jaJ) JaaJI j&l lW*a 

<50 ft 4jjUJi j^la jll jaoJI (>i jjfLa ^La JaU. jL jak 56-4 

4-j j i ^1^.11 ojj^aJlj liLullI jlai J3j .100 ft J}-**-? ^ "ffi ja^. Cllaj jjj^xs*a 
30 ft (3*& ^ c£jia J jjJI ^kaill (j^ < <JJ^J CjUUj ^1 blUj .2.0 ft 

j^Ljll J^aJI 4j j jflj j tlOOO ft (_>afliklaJI laj ji-a ^JaSj ^Jajai Cliaj 

<_l ^juaia (jialikjl i£±J±* ij'^ j'iLall £CjJall JiatA i — 2.5 X 10" 4 ft/seC 

• <^lajll ja^JI <_W^. (jSj jLll <^a 
36- J^iSI ^ ><> j j . ^q ^JIa ^ 0.6 m o jlaa jL jsk 57-4 

A-iaJaxu AjjLjaC. AsAa a jLu 15 m A uutaJLa 4jL»J <jl«jll cs-^-*^ (J- 0 ^-^ >4 

(_5jJjoia3I (jlS .^IaJI (J^laJI JJ-iiil ^tjJa AjjaJi c 35 m (3**^ 

jL ^3 (jla jVi ^cJajJ ^ jaII (— i j . n'^l l Ca^j 15.0 m JjaC. LS J^ojj^l 

tj unt U CljaLoil j»U 4 t > ajl 13.0 1/S J^a-aJ ^cjJall 0*Jj .AjSIjaJI jU j jbua-VI 

jL 3.7 m j t jlil^VI JL 6.4 m :AiiV! c^U^I ^ jUVI »UI 
jL 30 m -ixjj ajSIja jL ^ 2.4 m j t jL ^ 10 m -}»_u 4j3Ija 

J^klaibj ^ JaUaI! liA ^I^LajUj aj .JaUJ] 4j ijiaJI JaUa (— Luia.1 .jliikV! 
jaJI ^jjjL^aJ L-b n^,l 4(j^alikjVI Jajj^a 4iLa. 200 111 Uj^a AjJajaLa AiLoiA 
• jjj^xa-aJI <J-aLaJI ^Jam jLJI (j-a #.Lall CJauai (— 1 jjaila (j^aliijlj 

.(35 1/s = Q c0.12 mm/s = lj! jaJI) 
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Ajc jjJ Ujj All i >i dj^l^-a <_ s ic- ajJJ^ ClilLfLu j > j .AulLoaJI (^aj jill 

jjLajJal 4jjHa-a 4jC jj AjSIj-o (jli lillilj •^■^ (^3^* jl"-"^ ^Loll l^Jjail 

j ojtal AjjLaII till jaaI] ^jX. jjIII jjc. j OjLJI jjc. ^hVi.iiVI J jau V (jl 

t_J^jdl! alxa JJjU-a ^>-<sVI ti J ^ ^-a^*^ 4^Lu dlj^al Jal 

(jau^all J?^J1 (JjjI j3 jlijj aO&LoiAil j tjjjaU^oll <a^a]| 4jUaJ cl914 

joj Jij]| Jala ClbJajS aJlA jl j»C.j]Ijj .1962 

(Safe i^JaiuJI <L«VI t-JjjUl aU« Aluj CjJacf jil ..Jjiall JJ$ajJ1 

cliLijjJ l^j £ fj j>^al\ j j^JI £jJa jj Drinking Water Act, EPA) 

^il .tilli (jjaao ^ <1jIjV jit ciiLia jj jjjIxaII (j^ajaj <_i^i]| sLw ^ ciiljjLJI 
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olj-a A <\M Ajljj^a j Jj* 'ii .jc.1 j3 Jjj^alaj ^jjJajj EPA jjjlall ^ j 

^1*1 (Water Pollution Control Act) sUall dl^i aA\ ja a1£ j iil 

ilxXiliu Cjc. ji ii] .AjaJa^ll sIiaII CjjIj £tj£J sjllx <1 jU-a J jl 1948 

kic jj juU-a IxuJa jl jje- cjajl jill ilijj ^ b j^a-a UjUjI Ijjjb 1965 j 1956 
(Clean AjLkill t>[±A\ 4iu j cjla&i iil .cjLV jll aJ jj^a aJL CjjJjII j ^Ull 
g*\ jj aj^i j^jj^ Lua^ Ijjj EPA —11 d972 f l*l Water Act, CWA) 
CJ L ^ia Uj^\ UilaAVI aal .CIjIjV jll J£l *U*M d/jlj ^UilLa 

lilUJtfl 4jUaJ oUa <JC jj ^Jj J y^x jll j 4^XaIl 4^JL*all aUall ^fl CjljjLall 
jl£ ^1 IgjaJa-u; < _ s Jcj eLall ^ ^LaaJLuiVI JJ3 jilj ^JJ^H ^^J 2 ^ J '— '^J^ "* ^ J 
j»^C ^gic. ( _ ? luJI jjjljill I^A j»l£kl (j^aJJ 4<illj j^^Jc ojilc .L&aa Igjlj (Jjxo jll 
^jlaJ (j^ij-^ jj ^gic. Jjj^xaJI ojjjjJa (^^Jc-J ttlljlj tlil^L Jja. .Jj=>j 
jl (^jicj tfll > 2a1 Lall A * t >t\ (J^aja jill I^A Jajjji (JJ^ (jl (^-^ J tdjAjjLall 
j! t-JAJ iAjjUjVI ^jsjll tP^' ^ CjUlkLa jjUjj CjljjLall £jial Ajfllj-a 
jkll li* t^iiij (jj5l AjjLall (jjU^all aLw 4_sc jj Ynnn 

(Safe Drinking Water Act) 4i»VI uj^l sLa Aiuj 1-5 

^Ic jaVI ti J W jL (^jlll j SDWA <loVI CJJ^I £>Ua <SJJ j (^uJajS jSl 

s Ua <jt jj jLajJal AlAjL 4jjL j jrsl j3 ^jJa jj EPA 4_£jjaVl <SIS jll 1974 

.4-alxll pLall 4-aluV < flV u A 4jX ^Jj La j Alxall 4-aUll 4-*4a6ll i—ljjill 

ts lc 4-alij AiLla 15 jl) AaL^»VI ^lalSj 4ikia ^ U^aiui 25 tSljlla ^jla ^Uij 
(Jjl^j tCjL^LlI 4t*Ui (jic <LaVI (>j .(AjIjI 4iJala Ujlii&L cJaS/l 

JJC- j <-1i3ja jjc. ^l-a j»Uaj ^»^kjj .dljjjjl ^jSlLa ^^jJaljl ^JaSj tAlSHall (JjLLall 

J£ JaVI ^Jc j^oil Aloil ^LkuL 425 £lUl! ^Aj^] lie iiljj>La 
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^jL^xaII ^Lu t4jjUa]l (3a! jA\ tdli 4liJ j .4jL^>M ^iolal j£Ul ^ jjAiI; V 

(j uj 25 liljilui jac- CjS^a j»Uaj ^-l^J .l^j Aj^aLi. 4jjLs 4 ,n)Vil lgJ.il ,^111 j 

(j^aUu^S/l <>a t ilVm jj*] Lajj 4(_)aVl ^glc. AAxA\ ^ LajJ jjiuo o-lal jjSl jl 

Jj^iaJI ^gic- dlLa.1 jloiVi (jjlalia iillj ( _ 5 Jc 4lL«VI (J- 4 ^ J -4 flhVlfl JJC- <LaJ3Uj 

JJ_ja Igjj] <^-^J 'CjLaJjfLulVt J Jj3 jll Clllixa-aj ' />■%."<■ ,.*Sf I Jjlaliaj cA*jjjoi]I 

(Water Pollution Control Act, <>La1I d/jlj aJI^ j Jjj*j jSI 

jt ja j\ CllLja^a-a jjJa (jJvaUU jjjl ja lillj jc ^aj Ja j taJadla i_)fL2u WPCA) 
(j_jjla a i aJ . LaLu l&^lxa. jfL jl i_Jj3 (j/s 4ij^)ju<s j£j 

i^ftl jjSjill uj% d (Total Coliforn Rule, TCR) AjKII cjLj jl jSII 
IaiSj J&1 j J jL^> ^ j£ UiijjiAiyi j ajjIjJI CjUi jljSllj <4jK1I cjUj j] jSll 

(j-aL^jlb tlj'jilll 4jalj* <Ljj ^jJaj .(2-5 SjSaSI) 4aL^S/l CjUj j] jill ajcla jp* 

cUll (^Ic (_>aU jJij Cj UUala (Lead Contamination Control Act, LCCA) 

AjaJLaJI aUall 4^1** ia&la ^ t_dkii (l9-7j 3 5 jUjaaJl) <ul*JI 
^aJa^II aUJ ^JUx Sjclij (Surface Water Treatment Rule, SWTR) 
<Ua*j La-ui jj (Enhanced Surface Water Treatment Rule, ESWTR) 

.(19-7 S jSflJ!) A^kJI aUJI j^b 
ClAjjLa (Ji)<\-*» (Jj^*jl CjljJ^SJ (_J^)2kJ (jl dlljiioi (jp^-N (_JS 4alUa-a EPA (jj 

(Drinking <— ijj^II sU* ls ^Aja ^ <S^xa1I jjc. dAj^LaJI j-a Ja^l ^gic- 
•Water Candidate List, DWCL) 
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(Maximum Contaminant £($1*11 ^j-JacVl <jjIuiaU 4 ja JiiM I (JjujVI 

Level Goal, MCLG) 

jjc. j <ja, > jjjU-o ^^ic. MCLG elijLall ^ nhr-VI fj jlaLall <_a^A jSjjJ 

i D^r. JJjL (_^l tijj^a. (j <\ > 't-<\\ t—buAxa (jLal (jialgj £*-<a J t JjajoU ^jLs 

<>juajj jLLLxiil IjjjSj EPA jJ cMCLG o^jJ&j .jLuuVI ^Lauua ^ 

(Jjj^aj (jjjlaj t4jilii-a dAc^a. L-°^ ^JH-^J t^Jti^wfl dlljjjlal] 1 IjJ-iSJ 

jlnl <\ll JJ-iSj ^cjlli ( '< > j j clgJ 4_iJa^)*j (_£.l«aj ijjLauVl dlljjLall 

l^ja Lu ^ fk. cjULu ^1 tabU MCLG <_>»uJ ja] .^jlajJall CjLJal jiaVi j 

I jJajj .CllbljjaJI (>aj*J dsLJj.1 jl 4jjLuu£ CllLJj.S jl cAaiLnjVl 4jjjS/I fic- 
JJC jijj cLa Cj'jLJ ^IIJI jkiJI jU Ulc. AjjjVI (J«J t->LLu J J^J ^ iA 

^laL^aH ^ jLiaiLjiVI jl'^K uLaJI j . Lajli Jl jLa J^i. jjJa _^ jA j ^»JI 

(.\ jSLjiV lilli j tAjj;-^ .nil dsLiI jj^JI CLiLoil jJ ^ji «La.laJLaball j Ijjmi'i ^gJLaiJI (j^ajJtill 
^j]| ^JaLv-a]l AjoiIjJ 4_jjUUIj c^ull IgJ (jiajajj ^gjll AjJaiklall CIiLjjoJI CIiIjjjL 
^J| Ajm'lWi . JJ'-aJI ^ Jt3 J^- 4 ^ jUl-^ A\ ^ | jiluJ j jja <\\l dsLI jji. IgJ (_^a ^)*2j 

^1 J j*. j ^Oc. (^jjstJ ji^all <aj3 j c jq. Aic. lLijLJI li^J MCLG 4-<ua Sa^jJa 

MCL (Maximum ijUU ^-alacVI ^jiu^ ^lixUI o-u-VI 

Contaminant Level) 

jL»-a i (Maximum Contaminant Level, MCL) <— I'jlall ti -aJicVI ^jlauJI 

tjnil *lm jLal (jLaLo ^-a <Lu»3j 4-ajL (^aj (Ajia^jaiAll JJC. dAjjLal]) OjijjJI ^» jla 
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0 hA\ ^L^ ^1 SJUI j> ^Vl iaJI J! JjISj]] JjVl JaJI 

LjajXJ Jj-aJ CS"^J *^J$-^ L - J J^J UJ - ** ^ J '-^-iLjJ^^J^ J #.I^*JIS (_£J^ jjU^s-a jl 

Reference A£.j=JL aJJ jUiu) jjjIj ^».jc- jiu«> EPA j^aj .jJajIl 

LaJ JjiJ! (ji Jf«-a JJjlj jj-J SLjsaJl (J^a jl ^Jaiila (j^ajsijl (Dose RfD 

(jjoJI jljS j (_J^il _jaJI #.Laull j (JliLVi j £jJajJl£ 4 nil ma dllc. j-aawa diajj lillj 

(no-observed-adverse-effect ^ . m'sr . jjjfc 4ika.Xa ^^«J jju** Jcl jj^il 
(lowest-observed- ^g^c- jlfc a^^LA jjjL^a Ls li\ J level = NOAEL) 
(Rerence Dose, jaII 4£.j=JI i .unVi j .adverse-effect level = LOAEL) 
jJU j^uocJI jjj ^ ^ Jil ^LIL ^ujILJI RfD) 

RfD= NOAELor LOAEL ^ 
clOOOj 10 jjj £jl jjj (iLiill (X^j 

. Cliljl jJ^JI j J*iJI (JJJ i-^IV'^j t jAJI 4ilS (jjj 4jajoiU 4j1 V'uhVI 

(Drinking Water Equivalent l_ ijJill oLiaS ylSLall (jjlauJI l_iLo^. jfLajj 

RfD fimJj Level, DWEL) 

DWEL (mg/1) = RfDx(kg)^l qj, (2 _ 5) 
1/day m >iil ^W^l 

J (jlal jjiL 4 JjoiSc. AJA i <i till JJJU yjJ oLiaJI <_£.}a Liajxj DWEL JjaJ 
(J.jxa (jl (jiajjsl c4 JAjJajj (j^alj&V J . i—ljjoJI oIja aj.li <-\<\ JaaS .JJ^.j (jJajxj 

jli <.2 1/d ,iijj cjj*U (j-aLijiVi 70 kg ^ ■ n-> S l_i &\ia lidgiJ 

.10 kg 4JJJ ^a^J l 1/d 
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<JJ=J j^L^xa jLucVU 4aia^Ju4All jjc. dlljjLail MCLG iaL 
o^A (JlLa Clul£ lijj t(j^a^)*j jlmn (J£ jC- cllLiloJ Clljijj lilj .^.l^iejlj £.ljgjl£ 
(jiajsull (jlS jjj .CllUjajaall ^j*a-a ^Vimj Lo-liai %80 J %20 jJJ CllLjajaall 
<jl£ jjj .%80 4-aJall ^Vinn°l tji^l jl %80 4jbaUJ L-ij^l aUa j* Cjtla 
Lajta. j 4%20 <ajSJI ^.liiauS *<Jflt jl %20 AjjoUJ cjjjill sLui j* Lutla (j^ajaall 
I^Li La£ MCLG < . 1 > n^"' » afl t(— J^juill sU-a (j-a J^j^alj AjJjoull ^aALoiaII JJ^Sj ^sJ 

MCLG (mg/1) = DWEL x (<-4>ill *U* JJI *>J) (3-5) 

dijUl AjSI^x, |jj EPA Jjs j-a MCL —1 4aJl*-a jj^j ja 

(Surface 4j^K..i\l oUJI 3 SU a jjjla -Wj^j^ J LjjL-ajal jjc 

Vila ^jjajj^j^j^Ij Lp jb=Jt <> iaJl Water Treatment Rule, SWTR) 

L-llklj .3-aUll Aau^alt AjlaaJ 4jLaC JJC. 1 a^ljaljx jl <_^1 Ijlii t^LaJI o^A ^^Ic IjJa. 
-ja»"\l j tJAa-a (_£ jj.ui.fl (jj - ^ ^ (Jj 0JJ^a-ll (jlaai-J (jjllis I 3 J uj Jpj I jlij AaJLt all Ajjsij 
^jjl jJ! (j-aL^ajJI j (jiiLaall jj .(jJ-alll L>°jj ^^..'"J^^ j^J^' J&**5I cJc-^l 

(jjj jLall (jJ^A jj (_paai. (jl I jiaj iM^CL Ljjli.>L<i La^j j£ jxs Jj£l 4_aJl*«a 1'j'ia' 

.«.LaJI 4_aJl*-a jluiaJ jl ^Lj^JU 1 . tlioLJJ 

(Multiple-Barrier Concept) JJxlaJI - j^UJl 

jjjj ^ (Multiple-Barrier Concept) j^UJI ^ j$ia jl j* ^ jlL 

oL^a ^Uaj oji»la ja. ~> laljJ jj .SDWA (J £c-ai 4jl Vj J»^iVu jjjlaS 
. eLail ^gStl^luLtt ^1 Jjj^ajJI j-a djljjlaJI j CllljJa^>-a-aJI £ia ^ Jfrli L_jjjill 

.la. al^alml 4Ji\jji t_la.jij tAjaiaui sLl-aJ jj^ . jjj^a-all AjLaa. jA (JjVI jaAaJlj 

Cj jlill ^j-aJ jjJI (JjjIj Aj^aa- jLaJC-l t_LaJ Ajjja. aLlAJ ">"'^J • ts -j^l 
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4_iaJajai oLiaJ jjg "yiW Aoa&I j^JI j] . jllll ajia. l_sjjsj (Jj^J j-a ^^aJajaJI 

qAjjj .^JjoijJj L-lii a j"' j ^LiajS jn-*>"< (j-a IajaC. (j_a£jj (^^J *Lall 4_aJlxA jA 
^aa*j tUliill j^LaJI Lai .4^3 j^JI oLiaII l*JJ La ^)JJ oUa 4 \\ n a CLlI jjg V'l 

Lplij L- luilla (jiiA JjlS ^jlc. 4jaal^-a]Ljj (_}Aai1I jt ji ^ LjJjjKj A^Jlx-aJI oLiaSI 
dlUl^i. j ^Lal! (_L>^ajj] 4joUJj -i_a^J jA J^-^ _)?^^J *£UJ^ <j3 

C_sl£ ol_La 1-iir » >i dlaJ 1 g La \"n) ^hj i^'Vll jt^i ^jj ^Uaj ^gk hq^> 

jaI AjjJa^aJI Cl^Lu^jllI Ajal^a ^aL^)J Ijilj j] .^Uaill (J jA <J^jLkll sLiaSI 
(l) L* d,ft]l j>A <A.liJI ClivLlj^ajJ ^)JC. AjjIa oLia! t— i Luu jl £±al ^ jmLail 

.a jiak jIjA £a <JaI*JJ (_J CjLuajujja j ^LIaSIS <JC.l u^ill 

<_j ja^I dUeJ Ajj^a-aJI ^JJ^I ^ 2-5 

J<S ^*JJ • 4^3^)aa5I a\I CllLulSJI (_)£ j)A <__s^a1I oLia (jj^J (jl i ■ 

jjc LgJLSljl (ji-lj-Ji j djLullLVI j LjiifLJI j CjLui jjjall 1-3 J 

£ jjSlI liA Jj^ajJ ft leJI jliiil j] .(*Ia5L 4Jj<Ua1I <j^Ija7I <4-3 ojaa) 
Cj^LiLaalL Ajjt > <i\ lilJjj t^^LaC jjc. ^)aI l^jfl > " ib '/-ijajo1\ j)A J^-^ 

.Ajjjl jill LjjjfLlI J J^-J 4jal^>A £a S^Aa-a AjsJIxa lIiLuSj JJC. CJjJill oIoaI 
(_Jj3 j)A L^jJajS j 1 g q j i r\ jj |aj *Ljjl j <\ jS jy j AjjLjjjS dAAaC A^JIxaII dlLuSjj 

^ l^aj j (cjIj^IaII J) ajj^aSI cjLuI£J| J£ jU.u.J jLu^ Ui^j EPA 

jjc ^jUaj^II jJoialLi djLullLVI dilumS ^1 4ijl$J! ^LsJUaII CjUjaj 

jjKU jLajlLa ^ jjOi j jajuj jjjj j LijUaJI jl ^gjj I^Jaj t^JJAa Jajoi jj ^uijjll 
^jjj .6jj]£JL LJlc. 4jLla AjjstA CllLoij jj3 jl dll > nJjS ^1 Jjlnirl .^Snoll 
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Sjjj^ jj^j ^jj .CjLuLSII g- j> %95 J^U Jal J NTU 0.3 

^111 j C ' t ^L J^L>. l>° £i jj^ll fLlaj i-Jj3 sIoaII Jclall ^Lvaj£ll i 

. (JjjLu]| (j-ajj W J J ' ^ a ^^aix-all a-jLall jjS jj cJIaj 
(31*1) La ^3 jjJ £3 (fjSsull '15-7 SjSa) jaJI eUail AjaJU-all Aajij ^jij 
AasJajaJI JJC l^jjolal aLi^ll JjJ-a (jaj (J^la. j-a ^jujjg ^jS»"ll 4X- ji ^t^ J 

^^Jt 4jjU. ^jjj^a aluu (JjjSjll ^ajt <j3 jaJI aUall CjjlS .^Lall J-aUJI j 

J!)Li. (J Jc AjjxaII CjLui jjjAJI JjItmI ^gjLuu^ll aJtajll cAjjl JJ dil aL=> a 

(—Sjjla J^la. 6 J J -^ iS^J C' t 
JJC 4jjj^.jjfLiAJI 1 g"nr. jjj (jjlsuJ La ^ £jjjj]l ^Uai ^ ^Lall 4j3I ja 
jlua^l (ja (J-jjjJI ^sAgJt j .(8-3 ojaalt) <Ub ^Ij^ 4_ujljall Ujj&jJI jLua.1 

CLiLuc. .jJiC. ^Llj .(9-6 ajaill) ^Usull £jLi-a JJ&j jjLljll <La.ia. ClsX^aj 

1000 Cy JJ*-'^ ^ f^aj cs^ CjLu j] jail lag] a jus* A\ *.LaJI 

CjLuxII (jj^Vi ^I^JJ JJ^I <JjLa 4-aiajl ^ j . <_£ 4jjC ' ■* 

C -j'j^ lA^" 'Uo^ L>^ 1000 ^jaLjaj 4jj£ J^x-aJ 4jjjjjJall 

U£ C-* 1 ^ ^ -5 ' 40 ^J** 5 t 1 *! 37000 j 28001 

.232 £Lj 600000 j 450000 ox C -A P 1 ^" -» ' 96 6^ 96000 -5 83001 

djlilj^JI ^1 bliLojl lilljl j ^JJjjJ! ^»Uaj J-al£ JJC CjLuxII jX-a^. *i! j^i £ jjJJ 
CjLuaaall L^Vt ^jic- Uij* 16 i^liA t-Uau t^Uaill CjliUajj , nil 

.11000 UI^0«j jjUlj (Jill Aajli-JI 
tiLjKSI cjLujljall ja^b MCLG ^ cjLu jl jail jjili 

MCLG AasJaj-all olxall 4 \\ » a (jjjls -J-^J 'cs^J^ WA)J^%j J ^)J^>^' '^H jl jSlI J 
.!)Ujj jJAjlllj 4jj*a1I dlLjjjjjill j ^jjJjjjJjoi jjjjj^ll j L^jLjaJI ^1 jj^ jij^a ^aL 
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jl ^Cjoij Jj/u (j-a ojji.Lall A 'nx \\ jjj^aa-a jl a-axILa JJC- dl jljj ^ .i m .i J tiillj j»Cj 
i_Jal £»aaj ^^jll 4 ^jjl AjjouIUj .4 mil L$-^ L>° t — J^j t — 1 L>^ 

.IgJjJj jLui.71 t-Ujl 6Ja.l J AjjC j^-a j!&L £tA"4 V Jfrjill AilC. 40 t>« 

jjUoj ^ajoU V jgJill ^ Aiic. 40 i>> JJ^i ^l A-aJajVl AJbanlLj 

tAajjjjj Aijc djjlj jojj lijj .%0.5 Ajjou I^jjIj jLui.^/1 lIujI t " \\ m II Ajjou 

AjjL j^ia ao=J j jli .aoLuj 24 J!iU. CjLuc 4 jt 3 Jj£j ^j-*^ 

LJojI AjjLs j^-i-a soajj clulS jli .aJjLui ojj£L& A\cji\-\ n £-*a. 1 . 

. CliLijjl jill j-Il^ki Jj^aaj ^Uajll «A£La-a ojjfLa (_£J^I Ac- « ^ -a ^ ' ■ '">.ft 

"aJ J CjLu jl jSU MCL ia. jl£ |j| La JJJaJil Aj'jlall SjjLall CjLuxII ji^^'i ^jj 
sjjLa jl Aojjjjj Aiic tlfaJj jLui.VI <-1ujI j] tiilli (J Jc. a .AjlaaJ 

Ajaij jA ^ ill j CjLuLoiVI Jojoij jLni.1 "t^-JJJ Ajli 44j1£1I llilij jl jill AjujuIL 
ij jLau AjJ jJI CLiLu jl jail MCL J^fc jt ^11 I jlij j .AjjI jjII CjLu jl jalU tijjL 
.4al£ll CliLu jl jill ^lj AjujuIL MCL jjL>J Ji^J Aiic. Ij\ Ujja.j jli ilji^a 
(jo (Jfll Clil jLiii.1 C—iLtxll — J ji. jli Aojkj ^ laJL *n ^^all oIoaII jjli-a (_$ 

9-3 ojaall ^ cLujS jj) J j£ I^jojIjVI j Aj jl jJI cjlii jl jill j 4al£ll CjLu jl jill 

.^CliUjjljall Ac a CjljliiaJ 

(_jj*il( sUaI AojUa£1I Ajc ^jill 3-5 

jjijj J j .EPA lIjS t> 1-5 J J^aJI ^ Aa.j^ttll ^jUa£1I ^1 jaII dj^^a. ^il 

jl .AjLalauJI jLU-aII djljj^iil Ujj tillij t4ialjAll MCL jl/j Axulill o^a jI j-a 

^jjjj i j'li inj La tLj^al ^"inil j»Jjaj jc ^L La AjjLuu^ 's^La t aia jl ( ■ UaJj 
^Jia JJj ^11 jlaiaVI AaLiWll CjU jJ CaiS jl ^1 t Ouu ^ ^1 aL^all IgiLjlj 

10 j] jJ '*-^JJa. AjjLiaJ^ ^1 j-a AiLjaj (_gj-^."ui) j . jLouVI ^ a i <n (^jic Lj^JjVi^ i 
^jj^J 1^ ^jV>"n Ja.1 j)-a IgjJjj) 1j AjaL-ial AjjjJaC. ojLa 40 J AjjjJaC-V jl J-a 
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.AjjuLa lilliS j Ajjjlli ftjSaU CllLaJlLa ^jj&j S^lcj JaJJ La£ .IgJ jail j3 jl-ii-a] 

£-0 (jji! jail a^OJjabO ClU/LjOXJ £-8 t 8jSjI3 4JLIS L_1JjI\3I oLlrfl jjjIx-o (^ySJJ (j! ^i.JJj 

.lia-a t_J jlaJ f-\ jill ^ 1 all) ^JJiN ls* SjJJtLall A-uLuj^l dlLal AaJLaiVI 

CjI jliloVI ^ ^^LL^U ajV jl! jail ja aKj, J EPA _j JL^/L 

.(MCL j AjJjjlill 

dilajojai-a ^jS C-UuJaj .13 j .yLaj^l 4jau^a 4jL<^aJ (jjal" jLw-a MCL j) 
kuia S jbl J^i ^Jc bUiftl AoaooLa jajU^ MCLG ^1 u£aj la LJ MCL 
AosIjaII CljLi.lila.1 j] .jlfk-VU AiKall ^ <<_SJ^ -LjLjjjj 4jJU-a 

Uij jlucVI Jj^j (jjlflj .MCL f£ ^jjj^ ^uLull lil U (ja^ill 

.Xaiua joi-a dll jlilkVI (_£ J^J J -^J^- (»l 1 Vi . n lij La ^LalL jjgjaull 



AjLa^J EPA JjS &a Ifr <_a ljj^I sUaJ AjjL»j^1 :l-5 JjJ^ 

mg/1 —j MCL^Aa^I 
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i_s^j cUll S^JU^ jjiJ Liu^i ji 5Ljj«3 >,ilW'n (Treatment Technology TT) AaJU* = a 

.2.0 mg/1 jjlaJI <_s JjUj lij jjMj 



tjji^ Cllljjilj t jjitli-a 1 i ^il nil jg^J jjjJ! j A£j!LLaJI JJC. j AjS^aII A-aJaj^l 
£cjL jjX-a JXiCl L^J ls^' CllljjLall iillL (jlsUJ La ^ MCL frU/lml lg-la Ljjllxaa 
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Ou^LjjSVla alalia AjjLiajS jI ja3 cjjjk jS MCL jjc- CjIusj lilliA 

dlt jpa <\\l (j<\i '<-\ (J^aJj dua c.Lajl 4 ■>. \l ■> ,n (_pLak jjLa la>!Li uj (jjjJjA jjKjjjVI j 
jl _oa1I ajlA j£\ JJ ^sJUaII dlLuij CjUlkLa tiao j .Sjj^xSI t> cDH^U teSlli j 

(—ujljlj i (j^aU^a^)]| |»LaJ JojIjjj (jjlaull c_uj|jlj aJ^jll dj^L^aj jA jj l'u ^\\ 
Jaiu 4alk.ll L^llVl LUjl ^11 (ajjVl 

lAAic. (-akjjj L? all dlUjOjuball j > aU*JI aJlA JJ^IjJ CjjjUvj Ijjj .(_^>jujjJI ^LaJI 
(19-7 SjSfl) aUal] JlkS/l J*ill (jnjfo' AaJU-aJI JLuEj t<_uAia eljsJ 2>Uj! 

. jLii^Xs t_J jAlLl 4-aO=J Jai. JI.1aLuiI j) 

jj^s ^jli ^>"lll j (jJ^stall^ AjjAJI <-llUaUiu]l £»a JjVI J^l > <i <i JjaljjJ 

(j-ila-a t (jl kixll (jj^AfrLoball Jjia eLaJI ( -r J ^-j' J ( T J ^^ 1 ' aSojI ^3 

. jjfiikl aL-a JJ jjI 
j» jo-ajl — £JI j |»j — jLjjJI j |»jJjUll j jll j jjAnjVIS <Caluill (jjla-all Jjjj 

.j^^juijll a i aa. \\ 4aii.l^]l ^LiaC-Vl J ^jjMI j a jjillbjJI j JfLjillj Jjjjjll J j» JJ^'j 

al J-<JI ^ 3 j^l j jAj .-IxDLaJI J ^ i, nl i, nl - ''^"'"'J JjI (j J) <\jV'V I J 

jiffu ^cojjjll Lai . j-aaJI <J jia Jc-J j»-JI Sail i >i Jc A aj >>A JJJJJ tAjx-ulaH 

t jl jVI aLiA J Jlc- jj^jjj (jj^J eJ^)iLa CliVl^ <^J t^iila jj^ljjj ^joil j (J^ifn 

t4jjla]| Aajljall jjla-all ^a.1 jA j j»jjjIj]| ^=«.jJj .^lifcSI ^ jjI diltaSj LaS 
V j .4 — =JU-a]| aUall ^ j AjaJauJI aUall ^Jasua J 4l}l3 jj^l jjj l-UUila 

Sj IjJaj jjI CjU<a£ (J^l JJ^I JJJ AjajJall aLuJI J ^joLjjJI J cJ<\"i^»J 

^ 4jl.la]| ^ jjjUll ( 111 J.)^)j£ (Jiujj . Ijlm'i (jLjill AiiXiia 4j| JjjoiSjj^jA j aJjjail^l (jl 
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JJp-J JuJ JJC. ^ jS 3 JJC- AoaJajJI sLiaSI ^ jj«a.}l£ll cj^«lj jl jfLaJj 

j-ll i jl JJC . jL-ajVI <^Jyfl ^ji JJJJ 0JJJ*-a CIiUaSj " ls c\ \> 1—SjL^aSI ftU-al 

jl — 2 j-a j jgJI Clijijj jjLauoJI jli..J j c.luill (j-a a jjLa^l£i3 AjaUJjll 

^ui_^aJI ^ — SI ja.1^— SI f jxajl£3l qa %10 t> Jal jjSj cixpo J MCL 

(jl ^ja-ajl£il Aja i ^ill CIiIjuLjIS j£-aJj .*-LaSI liS^gluil j-a dlULa Ajj £3 jjj (_£jjiull 
.Jjflll A-a£l jj AaJOJ Aia ja jl 'AjSlc jj^ljiS .Jjl j (J^ajsu AaJdj S^La. Laj jj£j 

j— jc. Jl£ uiVl jj^'^SI < . jj ^ j] .AjjI^SI a jjiall j 

(jl (j_ LaJj .AjUU »W^t ^ ol ^ lJ££A\ * jjilS Ajiall 

L-Sj^aSI oLui j-a £cjUSI jSlSill ( _ 5 joilOjai ^ JJ^IS Jlc (jiajaj A-aJdj .iLa. ^nn ctU&J 

^ a jjl j jj^a ic (j jjjll j .lilli ^ jal£ill fjj^ jjJ V j tAjcln^lt 

JliLaj AlulS (jiajaaSI j-ajJajj (^jl! dslkniaal! ^Jaaua ^ ^ jla-a \a\ laJL J j tAjUlkS! 
Ajisdl *.LaJI <iSL»jJ ^ (JJJ jlS c£ JJ^JI f TN > adSI jj .AjSJJjll Clsljjlaail Cjljjfa liilj 
AjoiLuJI (JjJJjSI <-S^^J .(jLuiiVI A^a-a (_gic ji'n <i J^ 3 ^ *I-J*^ ja.^hin ^^all 

Ala uil jJ (_£ _ojJa — xjl J — JJJaJI j — JJJ ^gJJ (_£ j > >>r.!>UI (JJJJ^I Jj^J JJ^- AjjI^iJI 

j « j (_^jjJa «JI J JJJ-aSI (J^j 1 " 'I .'^ J"" t^Sj J ji\ Aaj^IIj ^^JJ Aj_jAall 

^auj jli (j^aljcl jA»iaij .^p^JtASI (jjjjjSl; jl (_J jjJac!)UI (JJjjSI ^^^LaL IgJaliijI 

• 4_£jaJI j AjjjSIj ^ <\ i nil j (jlajll 4ilcjj Ulsc LljJajJal (_^jjJa*ll jjUJ <\\l (3^3^ 
SjJjS Aj_aA3 Clllc ja. jl JJC. cAial j-a aIajoi jj^ J* -0 t : 5" J * -a cJ^J'^ ' . \ '"'"'.) 

— a 1 — J*JjSa -J^JJ JJl j-J*- 0 a jjiiLjaill Lai . jfi-aSI djliljoa. jjuUiUJ ijimTi 

Aaa_aaJI oIoaSIj AosJajoJI JjlaaJI j^j .A\jj_&joij1I jj-^ i ^>\l jht J jax*a-a i-JJJ 

— Sc. fxjxiAixji — SI till JJJI — j ^Sjj aS j .Aillk-a ^jjjjSjjoi jj^l jj AAttjj'nSjiiill ^aSlSVI 
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j» Jj'ljlj'.i — H (j a J — jJ5 l-g-al j3 4_iAa. (jj-^ CS^ J •^ J ^ a ' J (jl^VI ^ "** 

t4 JjC-Ja JJC. <LjjLjjj3 Cliljjjb liilaj jl AIa <Ljllc- dilcjaJ (jfLaJ 4jl ca-liLa 

. jaUa^M j jxJJI )-i5l i JJ L^la 
aLwj C'l-iiJIj (jlAall j jUxllj 4_jjj]|j ^IjgJI (j^aL^ajlL) ("1 Wj 

^usv* II jlgJ?JI J 4*.lj-aaJI ^all Lj!>Li. ^jic- j_^U^3jll ^Iojoi JJJJJ . i— IJjoJI 
(—l^ill aLw j] .(jixlLlI (ja AjJajC. jjSl Aia^l j £jJaj]lj JUia^/lj 

.4 jla a\\ Lcjj tillj j AjjjIj jl 4joujj (jj£j -iS cK^-^J^W l — 1 

a jjLai La I jjL) j tAaSjaJI jl AjaJamll oUaII ) jnr jj Vi UijLa (_^ul (j^aL-ajJI j 

^ ^ ^cjLi j^i . jjj^aII aL>a 0.005 mg/1 4jUUI MCL 3-aja L^aa 

Aj.^l.^jSI t—iLjUS/l J 4j..iUlll <-J^-^ ^ 4jj^aL^jJl tllX^a jll JaJj Jj^alLa 

JXJ (jAljll lljSjll . jki*a)I\ (jjlaall (j^a jp. C.LJI <JLa*luil CllLuSjJ 

(_g j'U a\\ dlli jii-aVI (jjiUjll (j<« .-Kill CjIjAaIIj (j^L-ajjl '-r^^ ^ ~i-s"u.n 

tLujaj (%0.2) (j-aU^ajll Ja aJU. j»UJ i^IjUjuj dik Jala .<j-aL^jll j-a JUJI 

.3j.hU ill <:LaJI L-jjijl djL^ui ^ jJ-l^aS (%50) l£ J^J ^Jill 4-aJjiill c&LuJ jlLa 
^a»jA]l (jo 4(Jj_aJa (jjLaJ Cll3 j ^tl^J (j-aL-aj]l (jLjj (jl Ijiajj 

(ju !>L^alj <LajiJI <Uji.J a*j j j/u ^>l l alio ^gi (j^aL-aj]| Jja>j 
^SjJJ 4jli lilljlj .dllcLai 8j 6 (jJJ ^ j'j^ «^<al tl (; jjj La tilj l.ii<ill (j^aU^a^)llj 

^ 0.015 mg/1 JjUjj Vl ^Vl jA J jVl AiaJI j£j ^ J 

• AjjoiLiaII djlf.l^)a.VI il=ol (_g j"i .. i<i diau <jj^J 
(jo (JSI <ia jjI l— ll jo^l (j^aJj .(_^jLjiic.| ( JSjjlj (-Jjj^ill sLj-a (jjiU-ill jJ 

a! <uljj^1I jjl i <\ll (j^J j t jj^ ' ^ll 3jjao Lb j I. ^i<i (jj^j (jl |J.g/L 20 

CLlLu^ JJ j 4j...U ill 3-aaaJI t_iJjLj1 JSb (jc 4-aa.L c-LaJLi AoljlaJI i— ll jjg -s'lll 
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1 . MniTl .Uuiluj (j-al _^al 3 J 1.5 mg/d (jJJ jl JJJ <La (J jLu (j) '^!_> J "*^ 

(^jll AiiSj 60 J^U. jjSj J (jLuC- j Ajja-a (_^^*-a aVb (JjjLvjJI <_>a AjjaAII CjIc jaJI 

aUa] JjVl <aa^ll Ajjc ajj£jj jjL>JJ ii,V'\) ^ ^ iAaKUll ti ic j^>a 
• 1.3 mg/1 j "-^Lil 4^j>*\ ^»^=JI dsX^aj (j-a a j jiLaJI jjjL^all 

J^jjj .4nVu\) ajll t-iuliVl J ^aLwajll LJjljljVl CjI i il£Lu^> jail J 

^jsJI jc. ^uxu (^IjVl oa^il u_iLu& (j* J&i J %10 <^ La J .JSbll ^ 

jl (_^L^aj 0.015 mg/1 Laj (jaj^aJI tlW^* L>° LaAljia-a jjLaJjj taJ.la 
A-^Wi «\\ 4jjaj ^j^J .AjuiUrtll d\f.\ iUul Y-i*-a LaA j 1.3 mg/1 

I jla . JjaSH ^LJUaII t ilk jjJ j JSbll aJj-Ii 4^JUa <jjla ^jijj] tdlij JSfall 

La-aU^)J ( % iLLalLj j-a^l (jli 4 (j,alj^a^)]L (jUfn La ^ $.1^)^/1 ilijl jOuba jjlau ^aJ 
cJ^ls^iU ill! j > jj j Q^u^aj^l A\-\ i sy\\ jlnl a\\ Jj^. 4-alxll LLajLu 
(—J^iiil *.Lall J^aJLall (_Jj3 4-a^iJI Cll^iL^a j 1 ilini JjjS (j^ ajqiaJI ^gjl <L^al j]l 
<A^aJI CjX^jj Jl,\n. J i-JLiaJJ J^VI jli I^A (jc. X^aS .^UJall i^cjj 
^Lul ^C.J dlUI 3LvjI Jlxjui Ia JjLvj j > JJ ^gjll *.La]| 4 aJajV Aj . al > ^-i jll 
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Lai j] jjaJI i-L^uiMI J (Jibuti Aj3 jaJI allJI J jjiill ^ jj 

jj£ljjll a^A (JiLa (jl .JJJ^J J_*^ jj£ljJ Jfr Laj-aC. jiajS "LpJajoill aLlxill 

i^pjll <LajlLa L_axjJal (jlioil liu> (JSJlij t— ifi n'Vi C_!jjui3l al_La J lg jLc. jl 4jJaL=kia]l 
t-UjadJ Sjiia^all jjlill jjSIjj jj . JliLSfl jlkuVl J^-i tll^fU. ^-lijjU Uln'j La 

^a-ajoiill .iLaJ . (jliuiSU 4jiiiJI elja.Vl Jc- *e.Lal£ 4jJaAl-a (JjJaLLa JJg laj (^jjjoJI (_paj-all 

4.0 mg/1 AiiUI MCL Jl • - ^ Jj ,yJ\ jjl Jjp^ jjS! 

1 ^j .^nall h^\l (^i Jji^lL; ^Auiill (_£jliu3 dO-la. .13 eLw JJjLt-a J 

j^lalL ^ajuii j L-lfi >nj (jl (jj-^J l)^"^ t>° (jLluiVl J^ MJ^I s ^La J Jjlail UlllLa 
jjlaJL I jjfr frLaJL Lpl JJ^J (_5-jLu jll (jiaJI ^Laajj .oJj^aJ ^JJ jl JJ.1> J-al 

jLj Cj^/U. jx <J1£>U lillj j 4_l]lla]l tlAjjIouJI Jj J j^a jl] 4-aC-lj 'ajjlL t ^ 'J.lkll 

4JllaJI jjSI Jill jli tt >yL. *UI ^1^1 jfc Jl I jJijj .JULSn ^ jUJtfl 

$.1 jA 'ajl ja> l1)L».jJ ^ » r->V^ ,_jjijaill JajaijlLaJI Jj Ailuij 2-5 (J J-^?JI J <L>j.1a1I 
. djljiui (jiiA^ oj^S (^jj^l -1^ <■— L^lj-^ >n"l j-a 1 g jlr- (Jj^^aJI 

Ja— m> jl»il i jLu«I Lfj ^ i_j sLw J AJtlafl jjlill JjSI jj :2-5 <Jjj> 



mg/1 AjUlall 4-ajiill 


(°F) S J jaJI ^ jVa 


1.2 


jjj Laa 53.7 


1.1 


58.3 J\ 53.8 


1.0 


63.8 Jj 58.4 


0.9 


70.6 Jj 63.9 


0.8 


79.2 Jl 70.7 


0.7 


90.5 Jj 79.3 
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.pLall ^ Ujj -1?.JJ (5^11 j (_5 jjJafr!>UI (jJi.jjlill £jLi]l <J£joJI ^ dlljdill 
4_£jtLa till jlill j^i ajm <i jj£l jj j^J jl 4_ia_aaJI oLiaU j£-aJ i4jc.| jJ)JI ^Jlij^l ^ j 
(j-aj .LgJoLlxs <_JLjj! Ajiiiljll AjjLaJI J-aljiJI oLajLj <La.liiui>all JJC. o-LajuT^I (Jj ahT . j-a 
<jjjaj ^ j_J jj^jjlill (_J jia-a U11& jj^J (Jjj**xa-a JjJj-a 

sLlo jjjIxa! IgJ ^ jajjaaII MCL ^>J3 j-a JJ^I JJ-^?-^ (jS^ 3 ^ a laja alt Aj^lll 

oLl-aJI o^A <_Jijj (_$jll °L^J jViofl lJ J^g N AjaLoiaII <-_!Jjll Ll£Ll3jjJ ^Aui j . l_ljjji]l 
<UAii]l 4jj!ij]l a]\ jj 4_a>jdj isjLati. jjJ jA <j3j^JI oLiaII (_£ jluba Jl dll jlillj 4_niJI 
i—Sjj-all oLia ^J^a jA JJC jJ^jjUllj dl^alli (jl Lj-ull oLiaI] j£-aJ . (JjAjsIJ 

jA Ijjl j I jl^La J jljj J t5 ^j^all jlaiJI jj .Ajfrl j jll ^gjJal j^/l L_Sj^ jA j 4jjiaJI 
*UaV1 

(jl dsljlill j£-aJ . J£joiI 6j 3 (jJJ ^AjLa&l ^jljJJ jjill lillljl <U-ali. j t ^l^ jl] 
<_Jij (_3;i«J j jJJjlc- jaJ^JI JUuSijj t'lj's JJ j <aj aJ jilj <^-yjij JJ ^-^J^ 

j£] .ISjJ U £ui jJ! Ua*A JISj j^b ..ijunj ^ ill jaVI p J J j^Vl 
^Jllfyl J CA^a^I (Jia-a jl Jl I jJaj AjUH sj-ili ^lajil f J ^mjjifr J^jfr^ ^VU. 
«.l j& jl AjIsla l&LlA Lai j-^-'-J 4j«ijjA till jjj ' J& L^aLa *.IjI=>Aj 43 jjjlaII 

(_3jjl jia. jjfr lA^jj ^jJajll QxSixh La jlfr jjjjj H . Uflall (Jj3 j^> uij ^ill 

j-a sjJjS dlLlaS lj<t^->,,.j j| f I ^ . aVl jjaJLll jS-aJ . i ^ ^3 jjlAl-aJI 

<uUJ^)]| jjL-a-all jl j>n^r- CllljJjlj (_jl h") jl jjJ L_ljj>i]l sLl-a ^ LllljUll 
.L_ll*iSI j Cjl jljj^aaJI ^ jjiiLJI p.ljfc jj CjljUl] 
jUajjoU jl ^5jJJ ' ' ; \1>'nj jl (Jjjj'wiiJmiVI jLliJ h jll ,_^a^)*jU j^-aJ 

^Ij^J (_paj«jll tjjni'i ALia. j| .(jjoijall jLjjJ (jlal^al jl AjjIj^JI ( . \x uj]| 

jl ^1 ajjjjJalLj JJ-i^J V (_Hal J-aVI a-^J AjU^aVL (JJ jIuUjoi^/1 <-_alJlj dljLa 
(S^Ji AAjIuIuoaII (JjjjJjoUjujVI ^LJI J^aJ jLaua J^*J 4jjLa]l oLiaII i-JJjuo 
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AjJaa..} (jx jfLail a^C Aja.jJ (j^ljjiVI liA ^£..3 j^J •L> a 'j - ^' <M-^»yi 

.(J d^t . H ( - nu JJj jjJ 

4jj*2a*II AojLai^I Jl >»JI 

jj£l j!L Ullc-j AjjjI < " ^ J «^ > i—ljj^ill aLi-a ^ 4jjjJa*ll 4jjLixu£JI ^1 j-all .la. jj 

jl AjjJajfc ( " ll i (j-a ojlc. flA<djaLa ojSjIaII lIiLojIxaII jj^l t jLauVI (^g^- 

^Ic A«Vi t— iIjubI a^kloU lillil j .4ja jjj^axi jl 4jSI ja jjc. 4-i^a 

Jc 4j j > >>•» \l ellLiS^tti] ^Ua^joJI jlr^ll j Oj^aII (j^ajajll l— lUI jJaJI 
4\o^a. jj^J (jl (jJajJSJ 4jjj-^ CLiljljjiaJI diL-ulj^ ts^J • j^jVI 

0*Jj . ^ i »?. II jjj (jjjj ^Jc. jLua£U (jjll lilll] La.j]jJ jjS AaSlfLa 4laLJI SjLall 
tdlljljJaJI J (NOAEL) (_£j1oiaj j<mii^1I ciU^LaLail (j-a jJI jl^Lall 4-aj3 JJ^SJ 
jLuuVI <Jj3 ^ _oajuaa]| tillfrLauall (^J^ JjISjI jLal (J-alc. (JJfJaJ ^JJ 

^Lj . jJall jjlj CjUI JJaJI jp» ftljSLoiVI <_gi jrt > aJ all AjSjj jll ^.ic. jLuC-VU ia^U 
dlLiLll jSjJJ (J l^j 10 t-j-l^ol! el-fa jjjUua ^ ^"unfiW jLaVI lW-E- 

tdlljljJaJI SAjAaII 4jj<ai]l Aj <u A\ CLsUlru LaCla t.ll.lall c£Jj^u!I (j^ajsull 

^1 jj) (_paaj (j^l SJjAaII AjjasII Alalull jc SAla. ClitsLu j3 jJJ La^jc 100 
aJj^-a CllljUj lIijSjj jj 1000 ^jJ] (Jj^J t jUaiVI ^ J^J^ jj- 1 l — J#^' 

IgjL 4-a jLa Ajj1_uu£ o^La Jjljj ^>^xi- J-^JJ . t— lljl jjaJI Sjj^aJI Vi<\»n\l jc 

jl .(jil^a jJak — A\c^)aL ^Iixi-£xa ^)JC- l^j t^Ij^oLa Ajiajjoui jl a^j-a <iLjjawi 
(Jj^aJj ^jjc. lilljj jljoadl Ajja^. AjoulLa *I^?J tj^la. j-a ^jj ^cjlill jJaiJI JJ-iij 
tdJjj tjLoij^U (jJasJ <CjaJ U=>.jljjjja Ajal£-a A\c.j=>. Jl Jfi-aJI jl jJ^ ^C-J=>- 
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ij^a-a I . ll ua ^i)J tJjutiSllj (JjTV^rtlt (jJJ -^J^ CT^^JJ ^3jaJ ^l-liioil 

sjjS LgXa ^g-ajJ j!jla J bllLuo! jlla^JI jlxiJ Jjal jaII Jji.^a]| jl.lLa]| 

.Aojoj 70 Uji airs. 

(Volatile Organic Chemicals, VOC) SjUkJI 4j^Ja*JI ^LajSII ->l ja!I jj2 

^ o.lpA cIsIjjjIjj (jUajjoJI CIiIj^^aII o^J 4jj n^rll A i ^ill djIjiMI (j <\ » 

(VOC) jj djja. tlcj^ J£\ (VOC) iU bUJI Cj'jIjj .j^.^oti sU* 

IJlc. (jj^J LS"^ J J^^jVl j ("n>*nll ^)JC JaSS (j-aaljjj j aLao iljls ^Lia 

4j"j1a!I Aaa jaj oLaI! I J^>a <La£a1I j ! jLauI j| jaII Ji£l (jAjJajj .oJ j^a-a 
(jjfLa^j (J-ILcaII 4.C.1 j > ^ ^^■s'inn o-iLa ^^Je j C (jolijjj j J_al£j JJ 

^AaJLaiJ i.uSo jAj t^jjiijjj jjjKI jjj j c«UljlaJI CjliialaJ! dllaula ^ £jLj 
OjI jjKI jjj j l(J jL\ lLi\j&ja ^UjJ ^ AUun j 4jjLiaj£ a^LaS ^jUJI t 'ajhnll 

dsl jaajja 4c. 1 ') > <-t (JiJj 4 )-i j . a j ojLa jA j (jljjjj jjK 2'lj 4u1iIjj.1a1I j 

(Synthetic Organic Chemicals, Aj^JaaJI Ajj UaAI I jaSI jjSI jl 

.Ajjj^aJl cjIauaSI ^ i-ijjiJI sUa Cj'jilj j^kjj U jjj^I JlSll slc^a SOCs) 

CjUlLall La ^xi. j jjil^all j| ja Atll^, ^9 ci>VI (SOCs) J 
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jl 4jj jajl 0 Iia11 j^Ai . jaII o^A Jla IgjS ^ SaJj > >J 4/^ mil (jJalio]! J Ajcljjll 
oLia Cilia, jxuj jl CjLjjouIIj hjI-IiiaSI Acl *1 t r\ (jC- Aajlill ^_jjj_*all oLiAJ Cj jJjj 
tjjjljjlj tt_Jjl£jO]|j tjjK'VI J ja. j t—Lia Jal •cSjl' jl jLaII 

(j^AJ .ljj^aII oLa ^ iJ-iJJ}JJJ&JAJJ} lS^J '-^JJJ lS- 2 uAijj 'u'jA^j^j 
t.llaJ| j 4jjjjj^jll jjc. (_^jJijll ^joiaJl (j <aJ n\ (jl 4jj uja. II CIiI-IuaII - 

<La. j-^U CllLiajAll aJlgJ ^llajl ,_Caj*j]| (jjal jcl JlaJJ .(_£jJtA ^-IxaII jlgaJI J 
^gJI Jla <ill dlljljjaj JjAaII (jlajajll JlAl •^j^ 3 j f»*^J U^£*^ J ^JJJ^ J 
.(jUajjuJL dll ^JXall (_uo*J ""'J J t4 jWI ^J^-J A J.' 1 ""~ dlljjjlj 

IgjS j»j (jl'ntvll Ajlja. jllA Aj j > >>r. Cjl 3J uj o (THMS) (joa-jJl^JI ^gJ^J lA** j) 
.JjJ jl tj»JJJ 'JJ^ Clllji lij^JJ £Jjl (Jj-a! (j<a (jja.j jOjA (Jjljj Cj^lj JI^JtLail 
i ( (jljJ-a JJJ^.J^) ^JjfijJ jJ^ll (j-a <• jjjjal] 4lAii jjal jj dl^a. j ^il 

(^J t (jliwjAJJJJJj) fJjSjAJJJ < jliiAJJjlajAJJjljJ ijl^JJjKlJ^AJJJ 

l&jjji jljjAjllgjjj J-ial jA ^jjjjjjlallj .(—JjjuaII sLia ^ (jljOAj^jjl jjjla 

THMS £tn5 .frLall fjjJl ^ gJUflal l Jja.jl3 <ajlia ^»jjja1I jlliAj jjKjjj 

^Vim^H JjKJI jjj ^LiAJaJI Jclaoll Aaujj Ajaiamll oUaJI AaJU-a (_£>la. 
jI^aII (jAjJaJJ .^laJI *Ia1I jgJtjlJa (J^nn ja.jAll 4j j i II ^1 jaII j ( -ij'qT"ill 

ijlaj (ja AauUll ii3jalji]| (jVio-s j ^^Loll) liliAjj^JI (jiaAa. AaaiajJall 4j j . >m II 
• joa. jll^JI (J^y^ jIjjaSI ^cjlaJI j»UJI Jcliollj .CllljUi]! 
(jja-jSl^JI Ci ptj jlllA = Ajy^aC sJIa + (^jJ jjj + fjJJ jji) + Jjla (4-5) 
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.I^ojIj (HAAS) j£a> jll$JI tll^Ls. 5 (_k>La^! JJJJU 44juUJj1I dLaLuoJI Jfi»J 
tjSj ^la Sjj&all ftUaU AjjxLaII <j-a jaill l^jLiS ^1 ci J^-Vl jaII Lai 

di^Lkj (jJ^> jJUpl <_5^J tlA-^ 0 (j-^-a^J (JfLiuj V .ajfn .n jj£l jjj j^.ja 
tj-ajll (j<a <lljja ojjS jjC- jl j aJ 1 Aj IAjj^jj ^l^jj (_Jj '(_5JJ^ (J^-^ U^^W^ 

(HAAS) 5j 80 (^g/1 c5^J J&l THMS _U MCLs ^ Cjjjjj j51 .yjjSlI 

jjC 4j^^aJI J jJt^JI oJlA .JJ..JAJ . JJA-all Cllljl jja. jlajjou I . UuU 60 (ag/1 (J-jJ 

.ja! .Jjila jLu^l jc V 12 S-JvaJ t/J^-? - -^ ajal t — u " CjUUjia- 

(j-a lllikl l^La %25 (J-jjjjll aUaj (j^ JJg-" AJ^J ajjal AjjLo CllLuC fi^C ("lr<\-> 

clulS j .^ISjJI ^jjjII <_W£ ^jic <c jj-a l$-La %75 j nil! L_al jLl ^.^1 
^1 cjLu*JI JSJ (HAAS) 5 j AjKII THMS jjSI JSl ^ jlA\ S Jia 

1 " lla > 11 ajS dl.1^1 Jajoijia "^-aJS 4 j^hr-VI ell jlill lIiIjjjjj (jl .Lejliii.1 aJ 

.Up 4JLLJ £££11 ^LljVI Jajuo jla 4-aj3 j c4jjuoll <ja £^jt <«Jj1 dliJ 

MCLs Cajjj EPA Ajjlcl ^ill AjjjUJ ^jaaull gjl jjj djUixAll jjjla j] 
JiuA\ ^jSjuII tjbjjuo diijj jS3 .cjljjKll 1.0 mg/1 j Cjla jjjII 0.01 mg/1 Ujja 
. jjKll ^-£1 ^131 0.8 mg/lj (>al jj&ll j jjKH 4.0 mg/1 -xk. 

Q C- S aJjUll Laic- j llu tlill elsloUuij jl^aj JJC- 4,t,iiih1I Ja^jLulSI 

+ jjj 2) a j jig SI Sl j — j ^gA Ull A^ii 4 (j) •L> aa ^l <jaUa AJU. ^gjj jjJI 

jjjjlSI Luj ^0,1 j .He 4 I jo^ cPo 218 Rn 222 tSSSiCLi <-(ojja 
.p- ' alka Ac 228 <^ll Ra 228 <^fn ^laa . jjjj jjjll <iKaj A^iij Sl jjJI j- j^f 

J J cl ail CjUbai k£ Cj j^ ,J ^g-Jill ajJ^JI ^ jj jli djULaJI Jla ^j 
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d (j] .<. \ Y\\<\ jx^jc »Vi Sjiii jaij tiiti ^aiks jolji jjj&ivi 

t£ jjJa SI j a (_JJ i.1 (JlfLlI j t ( _ s jaui3ji-a JJ^all ^LcjjVI (JLLlI j-a (J^" Laic. 

ajLoia. Laic, iil£su j^jJajj . (j^j Ajtollj 4aauo»ajjll (jjj^J $.ljAaJI dlaJ djlclxjlijj 
JjS j ClAaUa Laic. j liuj lill tlllc-Lc^ j .Ulii-a Ij.^V. JSojJJ jl jjJ JaaS AiUa 

^ Sc a jjI 3 1 gia J£ j .ajLall ^3 4iJlk-a till jjjfc l$J jj£j (illi ^^Jc. j 'SaVU. 

jjl — all (^C^— J 3 — jla*j t\ git 4j jUjjVI j si jjll Jja. ajl^a j^a jjj&| £^S' 

A Jit tlil — jjj^U o^Jj 'Ly^' aJojoiI jj ^Luiyi jc. t iui^ll ^jjj .(Ionization) 

jlaL_i-all (jj jj 4jj_^a Aj^a-a lIiIjjjSjj ijji in SI 4(_£jjijll ^ > SI <Ji.jJ ^^jll JaLiull 
.4j L j cAjjljjj-aj 4AjA jjIuj t4jj_aiaJ ^Lxj^/I j-a <Lalflll 4 . ^Sl 

4 — ajj a£Ls — ui i_aa jj jl j^/u .tl ilcLuiVI .Ljuj j ojLall Jjl ojja jjLm 

• (_>a£j 4j«ail < J U'^j (_£jJajll ^uataJI Laic Ajul\ ^Ja» ^ JJ*J LaiiJ ilall dlLaOuia ^laat ^ 
X| jjj LpaUa aJaa a jli isjJj^aa tlilfll -Lvjjj ^Ja jj lill CjlaAuik jl ^j I jiaj j 

.^UJ£U 2^sh A\ o^Lall SjaJ j jj£I IjLaj 4jou«> 
jjlc. (Curie Per Liter 10" 12 ) jjUL ^ jj£ 10" 12 ^ pCi/1 o-Ull j jj 

(Radiation Equivalent (rem) SI Lai .^jpljll j^ 1 g JaLij jA (_sjj£1I jl 

la-aJI 4£.jaJ] Ij-aaj AaaLLa ^UuiVI ^c-j^. o-ivlj ^iL^-a ^g^i man) 

^l*Joj (j* >n'6U ^jitill jjjJall t j] 'Uc.jj <_LiLu Ajjjj^a rad SL Sj^La 

£\* — ijVI ^ — tja. j rad —II jj .rem —II <> l/lOOO jA mrem jj . jjbll 
.SjIaJI ;> 1 g ^ AiUall j-a 100 erg ^.Ij rad ^Sl jj .(j-aLuJI 

all ill ajJjL^a__-a jj% jl (— ijjill olaa ^ ^^C-LtiiVI Jal 1V1SS j^-aJ 

jjL^a all j <}j jill AjtoiS/l j-a ^cjLII Ajc-UoiVI AaakJI ^kl .Aj*jj^all J AJauJall 

j & 5 ja jaJI ol xall j ja. jaII Ra 226 jjj^aj .<ioiHj 100 mrem Ai.^jVl 

Lalai SI Aaujj AjaJajoill oUall (J jj^aia tJ c.U^ , )/l ^JaLiu j tAja. jl jo=JI Cj^j<i .frill 
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A — jiia. j — C. *La*l j i_£jj!uj1\ (jiajaall Ja»-aj .Ajjjjll 4j*1ujVI l_>jL>j (j* ^cjLaSI 

I J & (j a Ja US jji k^a 0 (LjJjlij (j^^-aJ V ajj£.la]l jjl » (j-a Aaclajlij 

t " ll Jaa o (j — a Ajallaia ajjij^a d A -baS ^Ic. 4jjlaJI t-Jjj^ill olj/s (jx £cj\i (j^aj*jll 
4 — cjav .AjtiLoll jl j-all (jjjC-l L all (jjyOV'uimll j cIiULjIoiaII j 44jjjjJI AiUaJI 

AjJaia-La *Uu3 Ia jjlau ^»j*J ^5-^ _oa]I j <__ijji]l oLiaj jj^-aaJI Aj*. jAuball jjUajll 

a — jakJI 4 — <ua ^j-^ %1 J_Lj <Jhlli ^ j -UjuJIj 0.244 mrem ci^S V 

^» jjjIjJIj ^ jJj^j jji*^ 1 . ' I ^UaxJI <cj^> (jl f^-JJ nMI 

J—il j 2 jalaJI Jajoi jia ^ %10 t> Jfll c^«J Wj3 jJ> jl clgJI 

<a.j^All MCLs —II ^aa EPA Cjj^j&I jlla aJuA\ CjI jjjfcll tlmill ^a*] A^iij j 

.1-5 Jj^II ^ 

I — « ^ 1$j aJi**. jjjUJ (SMCLs) 3-5 J j^JI ^ ^51 

J — j3 ^ 4-jJa JJ*" 1 J^J 's^aLj JJC- j t4j^> > <~»ll jlaliwallj AjaJJj-a JJC- JJjU-a ^jje j 

•EPA -Jl 

(jC. (J^LanJI jjj£i^JjawJI clgjauljj l^JjC-JJ Jjl jll l_JJji]l ftloo (jj] J^-^J 

AjKII AaLall jl jaII j Cjtjjjjill j jjKU (jl .IgjiyWimrt ^ j£i ^Jlj l$jlal 

^ JJj£ cJ^J ^j^«-a-<JI sljJI JJJJ La£ tJlgjai^/L ( ; UjaijJ (j*ajL^xa.j LaxJa AjljLaJI 

4 jjla jl j a jjji»aJI l1iIjjjj£j ^Jjp j> all Cllljjjj£ (jl .(_^Liillj oj^JI AjC jj 

^ jjouj ^cia) I jjjlaJI ^tia ^(Glauber Salt) JJJ^C. ^cia jA lOaw jjjLi jjuoiLi AijJ*-a 

ol — ja jjljl jjj jjOll J^sJI (jj^jUll J jjjaLaJI Jaa.X . jokj^l ^JaSI jl 

(jj-aial jj La (jlo^ui ->(; tjjoLall UsjjjIj Cllljj^)j£JI (j-a Jlc ^ jjawa dllj 
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lj sLaJ Lfj ^^ua 4JL»a, AjjjIj CjIjjU j jj-a3 ljLjjIu^ :3-5 Jj>^ 



mg/1 0.2 0.05 




mg/1 250 








mg/1 1.0 








mg/1 2 




mg/1 0.5 




mg/1 0.3 




mg/1 0.05 




.ISj Olik. 3 




8.5 J\ 6.5 


PH 


mg/1 0.1 




mg/1 250 




mg/1 500 


iiSSJI AjIaJI jIjJI 


mg/1 5 





j — a 4 ajljll Ifrjl jJasJah j oOa-oJI 'LalVinmll AojJa-aaJI A -\ \U a Ajj^I 

1 a 1 — C jj 5 — jjlS jl Ajjlua pH ftlS 4JI£I jjc. oUa ^^iau .squall (j^aLaaj 

Jjuiir.ll 4j\j0aj ^ill JjjJI '.'J' "J llMjJ-^ 0 J"~»'»~- Lagi jjjilall j 

j a till — Jj£. "—^J Ja5 • .IjiaJI ^>^J (J-^ J^l .-»» Ml 4iLjaj tjjLjjjJI 
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(.A — Ja-nlall si — JaII t>a*J J 4-a.jnall J lAjjjb (_$ jiaba j-a Jsl AjJaall 

(jj J*llj a J hi ill l ; b iiSj jj ajiiull J ^IjoVi JJjlj AjJaall j-a 4_}lLxll tlslc. jajlj 

C.li__C. — 3 * uitoj jj£-a (_5^i *LjJ jail Lai -^J_>a LoLaj to jl JaU~all *.LliJI j 

4ja*jg-a (jj^J L^-i* 'a.Jjl jll tllLba£ll (j^lj (jLouVI 

(Clean Water Act) 4A&1\ aUJ! Aiuj 4-5 

EPA 4_J1£ j (Clean Water Act, CWA) A aL^all a!£ j ca^'ji jil 

A Lai ~s all ^ lillj <_>a l_sIoaV| j .^nj.ikl) eLvall djjlj iafJa £-al JJ .11^2 j 4_}=>. jj 

LljJa all J j3 (jLuojVI 4*s i a 4jLa^.j AjJJjll till jLucVl J JJC- lillij 4a3 jajl 

cl972 ale J 4_ala jll aLuJI jla. tiljSj til j^a. ^"Jl Sal .4j.iL^uaVI 

4aa'j-a aLui AjC jj Jj Jjj^s jll j tlltojLall ^ jla Ja JMVI 4julJJjSI L_sI^aV| (J*^ 

\i t SI (j S-aJ »1 ^ Sj (Jjj-ajllj 4jjjll etoaJlj tlltojl -s m\\ j liJLajaiVI ^ 

Jj — j^J (jjjjii j — £11 4 uiLuji til — jl£ J — al .tojjlj J ja^sjJI JoiJJ Jl AaLujJIj 

.t_alA&Vl a^A Jj J jj^j jll Ujjlc A M -s J j l&J ^ioiLofyl Cjtol jJjouJI 

:4jjVI tlLojLuull ^ 4al jVl Aiikill aL>all AajJj t^LuiLwi tlul£ .jil 

,<Lal_ui tllLiitt£j A. \ <\ i ni l tllto jLall ^ jla ^la • 

A^jLius £-a ^»jax1I (Jj3 j-a 4^jLa-a A ~\ \\ * a till ^ *IJJ ni'il 4jlLa a^cLjai-a ^»J.aaj • 
.( (J _jJaLall jjall tlUjjxjaU J a jL>jj La I^Aj) 4 )U <vll tllL^aJI j 4jV jll ^ 

.Ajuji\ j (^Jatox J»J J <aJLua till Irs <\\ aJ > ^>"lll j JajJa^jll ^jjiajJ • 

"LajiaJI Aaij Jc- (jiajjC. ^jjLLa j tlljao jjc aAi^. tllLjaj jjjaj j • 
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Al£ jll i—sI^a! jl jLajJa] AjaJajuJI oLudl <JC-jj Ji^-*- 0 CH^-^J ^-"Ij^J ' * '"V • 

jjSj jl j 4jjIa3I oLiaJI ^>C.J ( _ s Ic. oj^la 4j^JajaJI sIoaII (JS jj£j jl ' . !■> J 
dsUlj^/L ^cJUj jl ,^1X1 i^Xxl) es-^ -0 ^ jj(S W!! tilj tUH-a^. 

lj 4 -si j ul \\ 4,iuil,'u 1 "nr. lJ«J jl^j^lj 4-uUdl dll ■/■nVill ja JJJ^ (.r^ 
laSj o^lall CjIjV jll JJC 4jaJsuJ aUaJI t_ai^aj .l_Jjljail fi^Ljaj ^Lall 
AjjaaJlj 4jjIo<u£]Ij AjjLjjall jjjLcaHj ^^aJI j Ig-La ojl^all illLal.'^'iui^U 

• Clljilllj jjjJajj jl to^jli i— lLal I^JjoiVI jj£I jL (jUuJall ^aJ jx j taJ n\\ 
Ljx£Jt) j c4_iL^»]| J jA\ j ti_j|jUl joauoiSVt ^ t*.lall 4jc jj J^ao ^1 jjljall j 
^)JJ*J (_£^)il '"'V j (.glj ejl^jaJI tpHj tAlaLaJI ^1 j 44_u jljall 

ci/jUl C jLlI 2JI JV ^ jll f U^I jA Aiyi ^ Jj^ ^1 jl 

jj.iau iil .(National Pollutant Discharge Elimination System, NPDES) 

j<s lilli j tAosJajoJI oLiaII 4jo _aj jjjIxaj o AjjSjll ^1 Vnui<\\l > . uu 

Jjj&j jj-^ij ( — ' "JJ "t^J^ (j' 4_aJbua]l 4 o lillLa ^^ic- L_fci.jjJ (jjjljal] 
j-a (J^J t' ^flTifl (_jl (jji <-^j ilijVj . ClA^l^jjl (_gl jo ^lijj i— SJjj-aj]l 
<Lali-a <Jja*J AjJajC. j jSj i n j ^jiojoi tClAjjLall £^>iaJ (j^*"^ s-lc-J jl 

al^a ^Ojoi jj j i—a^j^all oLw AaJUua i— ll Irs <\\ NPDES ^t-aljjJ JJJ*J L$ ^ 
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tJJ±>\ ^-atjj Sic £t-<0 tdJj ^jJj 4iLiaj . J^JI oLa CjljjLJI <jjlj2j 

(jLiaja £A ^vlall U^J^' "W^ LoJ < NPDES -Jl O-a^JJ 2^^JA? 

CjLoijIaaII sjlj] -J^*''"' (illj j (_5jLa-all a Las. ^J^ 3 J -t^*'-^ t(_g jl 

jjjl jS ^Ua j] L£ .aj^ jll S jbj ^ J NPDES —SI £a <1a^ 

jJjlSj (j-ajJaJJ NPDES S (j-aJ^ jail ^Uai (J-?- 4 ^a^Jji-a AjsL^aj 

<UajJI AjSI^ja tjja^jll CLi^ Ajlxji ja i Jj* ujjII ClAjLj t jC- AjI jajj 

(NPDES) Lij^ai c> aiiaU ^ jil fOa^l 5-5 

aLiAJI JAaJLaiU 4iDlc. IgJ 4 alia « oLa 4jc jjS JJjb-a 1-5 (_&>^ J€-^J 
sLiaJI jJjIxa JJlaJj .(JaISIa l—S^-a oLiaj oUa ^»Uaj sj^V lillij IgiaJlxAj 
jjjIxa J.iaj .'a j">"i^> ^ j ^JjW 1 -^ oLjaJI ^ 4jjC-^)a1I Aac-jjll 4jaJajaJI 

^J^jaII (jjajj-iill aLiA <aJl*A (J^Isl (_ja Ig-J] (J jj^sjSI ( ■ laj ^^ill Ajc jjll i . \ \\y 

4^.j^iaAil ^cLL-all (—a^j^all oUa! AjUjuaaJI 4-\\\v JJjU-a j > .^cl'u^ill j 
^j^j^JI ol^a 4jaJl*A £a 4laLJIj ajIaaJI lllLjliill ia!itii.l ^JlC. Ajj^aJI jjjla-a 
CjiuJa j ^al .IgJ AjiliAll bUaJI ^J] ^UJUaII aJo^a jjc Ujjja ^ iillj£ j Aaj^AJI 
JaLi-a M ^j^ao o^ajaII ^Sl jaJIj 4_a_L^all ^jLaaJ t_l^oll oLja jjjIxa 

aLlAj L_ajj^all oIja j t4jaJajoJI sIja]I *^)E-jj J^p^^ ja Jalij tajjI^J 
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(NPDES) ti/jLJI Uujx^ull j> (j^iUMl <^j^ ft^jJI ch^J 5 J :u ^ 

eliljjLJIj .UjAi .li-lajj CIiIjjIaII ^j-a .iaJI l_ a^j a.S^)ila oLw 4 7. \\ » a dll Irs .n 
tSS j BOD j^A Aj&U^II j 4jjUJ1 j ^.aj^l oLu ^JJ ol jia ail 4-i yVvll 
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. jjLoi jail j (ja^-jjlillS aIoUjJI t fljj^a r"iVi 4j.lilaj]l ^! ^aJI < al^a 

4^1 ^JjoiVI jUalaj <_J£j 4l^alaJI ' . \JJ» ^11 tjj^ajaJ jlill jjl 

(jc ^^LVIj ^3^* ^ (j^xk^All tJULall (J^f" 1 t^* 3 4^#jLsI jail j ^1 Q^xL^xiW 

UjJ^Sj (j^AJ (^ali dlLjaaJL Ai^a <U Ls JfL iA} (j^xi.^ajl £-^j jalj ljJ=>' J 
jjjU-o Jj tAjJajjLaJI i ■ nj> ,->\l Jj-isv Vnun <^.Iajuj Jc. j 

ojbL Liajl NPDES (j-arkjj Ja jjA ^VTi .(.Lsl\ 4_sc- jj Jjj 4_uiull Jj AaLoij 

< NPDES j-^jj Jj*j^ ^ EPA jl .^jjj^JI oLw sIa^. 

s^A o-Xi=wa ^Jj^j' (J 3 j 'a-ijAiall CllL^ jll fj^ U^i X' 

.EPA —SI Uil j4j fcjllij jll 
Ij^J lia j t^JUua 4Jaa^ (ilJUa caJI^JI ^jli j-alijj NPDES jj 

J jjall ilaj .(j^ij-^ jail Ja Clll^lgjjl ^1 IgjS Lu oLaaJI j i-j^j-iaJI aU-a <aJU-a 

djl^l j^VI (jjjVi'j jUs] ^ .^IJSIVI Jj^jj jljuiVU ^IjiWI ^ j jail 
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.S jaki. ^l^VI lij 



alo-a (_J-al£l 4jJ^J <LaJlaua tAjjaill Jj a In mall jjjIxaII ( . ilKl'i 

Jtfu .^Ulilaill CjIj'jLJI jj jla^a] aiia-all Aalloll J jjalL ^1 j^VI £-a Aaj^all L_ajj^a]| 
£lhxl\ J SSj BOD <> l£ JJ^I JjJ ^U.'iai JajujjlJ jjUlj Vl 
VI J c30 mg/1 <aj3 cLJtjla LajJ 30 Jl«J ajj3 J!>U. ^oLo! 24 <_£.Xa Jc. aj jslA\ 
a _plc .<Jljla 7 -£L<u ajaS ^V 45 mg/1 4-aJ ^gjLaaJI Jojoi jlall 4^u3 jjL?JJ 

J*^ La .%85 J Cir *jij SS j BOD -Jl jls t*lb Jc 

10 mg/1 4-aj3 LaA JJ^I Jjl > \l JajoijjJI jjlajjj VI Juil3 ujl j dljjjUj 

J JLlu .4j]llLa f U 7 HaJ ajjS ^V 20 mg/1 jf UtlLa LajJ 30 ^laJ ajjS ^V 
ilajj jS t^iuiLaVI tllUlklall oJi^J 4iLjajj .9.0 Jj 6.0 Jj.ia> CjAjJa pH 4-ajS JLu 
4laUJI 4j.iaJ foali ^1 jjjkU t*l]j> j «<=Jl*JI oUall £ Ja 4_}C jil IjjJSJ J&1 JJjla-a 
.(La 4j-i=JI fJ^I) I (S 'J» 4-?JU-a A Saa ^ £3 jaj 

C.I_ojoi t^jjj^a ala-a ^ J 3 J^ *Lall 4jC Jj e-liLoiJI jjjIxJI (JgjVi'n 

fl.Vnniift ' - 'j; - ~ jjjls-a (jl . ^p*J eLta jl <Lj3ja* IaLw jl Aja lim IaLi<i dul£l 

V .Ulaljj jll oUaAl <=JUJI l_Sj^I aUa dujjj ^JlC jn.^ V 4_niull Jj 
aLw n\ (j^-aJ La£ tl g'nr. jj ^^.Ijj (j-a iai] liuiLla AaaJajoJI elj-aJI t ajiaJ (jj^J 
eliljjLai] aAil jia elil Jjj^joj i . n^nl! tt ^7. (J jia. (j^a 3^ ^ Cllab^ja 4-_a^»-a 
eAiLauJI JJjU-a]l JjiaJ jjSj tdlil jajl flUall Jl Jj-oj ^ill ^jil jll «.La]l 
(J Jiljj Jll sUall 4JI jj .Ajjaill Jj S.Vnnioll J j^aJI Jo jVI aUall 4a& jj 
jj .#.Lall *Uc.jj Jj a.V)")ui<\\l jjjIxaIL j»Ijj1VI jLajJal ^.uiL.nl j-al L_ijj-£all elj-a 
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.^jUI jj^;-^ jj J^a^a La£ 

i a^J ^LaJI <Uc. jj Jj ,Vn>n<\\l Clijlill AaiJ 4lalf£La]l Aja^ul j^juoVI ^> laJj i jj 
<Uajuj jLuiJj 4aji^a Cllljjla kfjJa IjjJjJljJI jjJJjlLdl 4jjLa1I aLaJI 4jLaa. 
Jj.ia. ^xaj J>Li. j)-a aJJA-a Clllj _oLa 3— > J > >>J ^Liill ^JJ .4jjJa. iJJLvj ^)JC ( ■ \ \\ \ <~*\\ 
Lj jaVIS 4jJjlajMJI C-iLT^Lall j AjjUa£1I AjjjJaaJI jI j-a]| j 4-aLJ jjLuall Ajjjc 
VLali.1 J&Vl J..\^J jj .4jjLaS1 'ebaJ Jc Aa,,,iSt. ojJJ-aJ JjjJ Jl1 J 4 JJ&H J 
^jjj^all l ■ \ \u si jA 4 La Clllc-Lta. <_a^)j^a aLi-a A^aLudl 4^L}aj£JI jIjaIIj t . Ujoull 

4jjiLa CjLTaLaJ (_£j^.V! J^U^iaII jj^ -W^ 0 J WW*-* 3 ^4 SAisk-a 4jjU-ajS 
JjJa. jl Jj I Jajj .4jJIxa1I 4jai-a J LpV j-aa. CllC-jSl ^cjjl^i^a dll ni) 
aLudl j < — S^jjL^ail aLui jLu^l ^>JC- UpjSl^a c-Lall 4jC. jj Jj a Tnmrt\l jjjU»aJI 

t ajj^jH 4c-La]l 4jO _oj a Vn>n«ll jJjUuaJI j^.Lj 4l^i.j-a Jju A\-\ 

aLuj i ■ Ijli f\ ^3 aj,1-s <i dlljjla] 4jJJC Jj.ii. £j-<aj j»JJ La j^fcj . jLucVL 

. ( ■ u nl La jjc- ^3"^ J { ajiallll jl£ (jj t—s^^all 

aLui <LaJLt-a djlixa-a jjc ^aj j]l 4jjLuu^1I ClAjjiaJI ^Jjj jj 

J 4(_i^i]! aLuu jj^aall j i f-i «Ua jaJI j AjaJajgjl aLuJI ^LjLa^. AjjlLa JlajJ 
4_jC- ji Jj a Vnm«ll jjjIxaII jj£i lil .L^la ^aJlj a J la o 4jjLj^u£ jlj-a 4j5l^a 
4_J^J i^j^yL\ (-llljLuuj . \$ inSI i_JJjjo]I eLl-a jJjLua L-4jx*a\\ aLi-a dlla3jG3 c-LaJI 

(J j > CliL j"i i ii lalb 4Ajaj=JI j AjaJajqJI aLuJ] jaJI 4^uUaiSJI Ajc jlS! jl 

.i-JjJdll eLfaJ aJ^-all j La ell jLal 
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LaljLa jiixJ LS'^J 'JJ^jaJI <Ljj]&£>UI j A^ajuJI aJj.ia-a Clsljjlall (jaj 
.CjU.^aollj ilAjljaJ j CjljJaull (^iuoVl eLJ Jj'^O ^Jjl J^*-»J ^aall 
sUaII l— lb <->Vi Liajl i—a^j^all cXxa dlliajj ^a <j3l^l (j^JJ^ f*^**! 

yaluiA jjc. j-iL-^a (ja £&\ jll ^ji ^Li joa. jjailL JJJ^ll Clfalill (j^l j .0 oil 
- (jjjll (—ilia lall j 4acl j jll ^gj^al jVI ^j-a ^olill ^jjj^all£ 1$j1c. 

>t _£jaJI L_£lxll (JJa. jjlil ^UJI (ji J*iaaJI 

jUojl L-mjoij La djLull ^JjuoII jAill jA 4ij£U (Jj^UaJI jiiull jl 

^Ljll IfrLaaa ^Ajja 4jaUa Jj£ JUS j teLall ajjfk- .iLo jl j 4L_llUJa]| 

JUL? i^iia ^Ul jl>JI J s jjaull Jl <lkla]l .JUL1I ^ jj .^LUll 

^Vhiwnll lilla^VI <LaAi*J (^jJI j (jj^jl Jtitty fi-ijLJI <ib»*ll Aiulall ^ DO 
jUiaJI j ^Jal Ja jJaa jin'i J t<— llUiall Jl A°L^L -j^a-al' j>UUI ^ 
.aj la-La 

JLv 'IjJJSJ jjjIxaII jj£I ( ■ Uf^all 4jjl jjll dlLu jl jill jLw-a ql 

dlli jl J t(_ IjJill eUal Ij^.^rt i.in.^ll lifrl AjallaJI oUall tlul£ 

^ L_u_aJ L_Sjj^all aLw dul£ |jj jl 4f.Loll (jjjLaJJ ^LaaujuTtflS aJjia CjLal.lVhul 
jli ti— ilojjl jail Jj^a. (j^ajiiajj .AjjfLuj Ajllala .j jaj jLjaJI (jiaia-La (Jj-la. 
Ajjg 7. oil CliLijjJaJtll jl^cl (jlaiaJLai 4 -> 11 x oil ,j Ajjlixall jS^/l -j»«"'ll dlULaC 
e.la a jj 4jjjtjll ^aJU-all jjSj ^3 CjVUJI (J- 3 *-? ^ J . (jSJdll ^ <jJa jaIII 
Jiaull jjc 4jj11j1I A 1U oil jjSj ^3 Jfll CIjVU. ^3 j .4_uAia jjKJI ^ u-l-ajll 
eliLu jljall 'AjjL jaII AJI jVI JjJ^ 3 ^JJJ^ 1 ^ 3 *JJ^I J ^J^J^I J ^1 Joj^H 
4jL^1I jl jA\ j BOD —II Uplljl '.U."^ ^Al^ AaJU-all (# S2 .CjL-a^alll j 

.AikJI 
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(Total Maximum Daily Load) Alaj^l £)j& 

(TMDL) 

(Total Maximum Daily Load, aJSII ^j^S AiajJI a!j^1\ jj 

ALSLaU jl AjaJajgJI aUal] j£-aj .Sjaia ilfaLa] (_g j.^sll LjLaia. TMDL) 

4_Jaaj j^l nifl j^ (Ja djjlill jjL^a-a j m > nfn .^LaJI 4_}C._aj jJjl*-a] Aj3 jJjuui ^^afjj 
t jj-lxlllj 4<JC.Ijj (jialjl i a j . 4j]aaj V j-iL-a-aj (e_Sjj^a aU-a 4_aJl*va ' " ll La 
oU-all jlj^)aJ 4_Lajujj-all jjj <ljla-ai]j .4jlLa]l 4_laJLajuJI sLia]I jl_J^)a.j 

tAjLua J»j TMDL jai^-m jl ^ 4j]i t^jLuu^JI j^'l . aaJ j Aja-kjoili 

j"-^; ^Lall J-^t jjAa. SjbV TMDL 1 jj •M"^ j^ u^Ia 

jjjxjII J .4_aJU-a]| CjUoa-a (j* l ■ UJ > mil LfJal AaJiia TMDL (j-aJaJjj jl^xoj 
^jj ^^jj) CjlAj jUI! J-lsu 4sLia1I 4jc. jj ^gJJ Ijljluil ' . 'J.' ' ^ ^ji La <— ! jl« Jj-la. jfr 

^"\\ AjaJajoJI I g j fc Lu Jj.iajj 4jJUa-a ' llUVjll jU t« LLilai] | oLuJI AijJj dlaj j 
.ajtaa-all SAsiJI CjLalaaa^VI jloij V jl t^Lall 4jc jil aila-a JJjU-a ^ jlau V 
a laj rtll ClAJ^ j\\ olj-a jpi a j )"^ ,n AjjoU (jl t^^jJaLall (jjail Clllj'm > in ^gi .la.j ^al 
^Joa-aj .aJuLaJI C-jLal^aJLoiVI ^gJj I^LiLjjI jl 4jc. JJjl"-a IjIaLuiI "ajjAJlia 

.L-jjJill aLuJ j^L^xaS V j 4ailuil] V j .Ij.mll V ^L^J V J JjAJla oUall a^A 
jjiuija^ dlljLull CllL^ua J ja. jj cljljll ijji n lilli ^ <jol}j^)]| I ■ iIauqMj 

• 4jJa^)AA]l _jt rt\ j ^ jaa.jjjjj 

jjjijj 4laLoJI (j^l*»aJlj DO (j^aiaj-a (_g jqa <\; (_5^}a.^/l i . lUjqiVl (JiLaSj 

EPA Cja.^ial ^aa liU^l <a4ii j <u>iaJl l-jIouaII j SS j cpH j t^*.;.^!! j^SI 

4jc jjll JJjU-a Ja jjAl eli£U aLuJI aOA ^L^Luj^ TMDL jjilS 

.0 llLttll CllLal laluVlj 
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ClAaAiiaJ ojjAOlall sLaJI Ajc-jj jj i n<\\ TMDL jjjlS ' <jk JJ 1 . '^"'J 
CLlUlyt i n"i J^Ia. £.IaJIj (_j^^UI jjjJaJI jjjjc- (jj .AiJajll oLiaSI ^-^JJ oJ^-a 
AjsLJ! jUk-l At i in\l (— Ujoi jla Iajjj (Ja£a AjJaij jjL^ia £-a.JJ 4 (j _aJ31a1I <jjS5l 
(j-a JjjliaJI sjlA iaJ .Ajlakj V t$J^ J AjJaSj j^L^xa lilljfLuil jl tA-Jaij V jJL^ia 
j-iL^all llaS 1-lpaJ jj .IsflS Ajlaaill j^L^aM NPDES (j^rkjj ^Uoj ^laJ 
jAjJa .ia. Jj ojjiiaj Aaii^j ojnn'irt Igj jS Jj I Jaj cL-iaj Jjaj AjJaSj^UI 

6^A (j<T >IJ .AaJja-a ClitiLi \a. 

jjjla-a jaVI i—dialij .EPA SI jA tdlj 0^*^ lajJalj !>Llta i ■ liLlj ojjAJjaJI 

tdlLjajAAJI j dlLj^jLall j dlLujjuijll J AjoUjJI CIsIjjIaII JJ^^ oLiaII Aau^alj 
L-lUaJJ ^ ■t S i*- a Vl (jlajAll Jjiu (j* JjAJjll JjJaSl 1-lUaj liUiS j 

aLuJI jjc. CjIjjLII CllllajaJ ^^^jJabjll JSiB p.Lall Ajc. jil JjJaal jUu jaVI 

jA jjj^JIj 2 ^j-".' i_sUJI q^UW J t_jUja»j!iU 4JUJI ^iLull jj 

l ■ iUslLj . 1 g 10 CllULiJ IajaC- jSjJJ V (Jl^j '"^ jH-Tu l— mjJa j .13 o^ijua]! ^c»al^)jll 
S j3 jittl! lift jAaJ ^a Al jAa. Ja flfr^jj ^A^' -^-^ TMDL t-jUija. 

(Ji Aa. oji^j ^L-alj^J L_l] W'n t jl 1 ^i'i-^Ljj .A jligQUI j Aolakill j-SL^iaSI (jjj 

4C.Lall AjC- jj] 4li nl M jjjIxa j «ojj&.}ja1I sIoaII ^j^au] ASjj _ja ALja 
tAjlakft Ajjj^Sj llftla«}j jAjJaJJ AojJaLj ^oLuj caajLa Ajailj 1— lLal lalL nl j 
. m <-li Jaj (jaAfeli ii<\\I (_j f> 1 ,-1-. Ai^aaJ 1 \\ nr. j 

SjLja jl AaLoi jI_ja Ac-l ii ^ill l^a.JaJ jll ujjj^all oLia ^j!iaj (jl 

Ajia. Jala-a UJlc. CIiI^jIaSI J .Ajla^all ^jjj^JI oIja J AjuLj jjC. jjSI jjj 

("imnl AaJUtAllj ^AaJI A j] Jj 1 Jaj tAaJlxAlt A La <ij ^jLa-all ^Uaj Jc 
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tAjjjaJI AyWr a\\ AjIaC £a JaJjUJ jl llAjjLall oigj O^JJ - 1— AjlijJI oigJ Aaaj. 
oLaaJlj .IgJjLj AJ ALsIuia]I oLiaSI cff^Wj l^-aiaJuaj 

Ojjjj ^jjajl jjljjJI (ji i a£c cJ^J J^J^ Ij^sjI AaLJI jIjaII a-igj AjjIaJI 
(j-a AjjjIaII AjjC.ja3I jje- l1iIjjjIj]| o^A £Aa (j-^y ^Jala all jA l^a^jla 

jl dlljjLall aJIj) La£ .AIUaSI jjjla-a ^ \ \ <~*\\ uj^j^a]l oLia 

s^^a Ajjoa CLlLuSj ^1 A^Lail JJC. lillij 4i_a^j^all oLa <Jj3 ^jV- frl » iaall 

L_aj«j j .(Recycling) jjjlill uS ^/i> aj i— ulLoil J^uJafrj jl cAaJlxAJI IimI 
.(Pretreatment) Alkali a^JIxaIL L_uSLuiVl ei& 

j.laJI LJji^a oLia 4 t> SU o Clll laa .n jA AJLjoiaII A-^\\t A\ EPA jyjljS ' . lliaAj 
iJIaJJj .NPDES (Jfij^l JJ ^L-alj^)J £-a ^LaAi^U I-IaJXa Uia-a lawalj^)J (^^jjajujjJ jl 

CLlULaC (^fl t Un^r. jj^J cs-^'j ^ ? ^ * ^ laa <i ^ CjIjjIaSI < fll JiAV^ 

JJC jaI jl ^j^^all 6 La aLaa. ^I^aojoil ojlcj £-a jl £^>UI £-a (JaJjJJj t«LaJL 
A y \\ * n\\ ^»Uaj ^ Vij )il i <i Aja^/Lia Clllj AaJlatA 4 Laa <i J_^aJ .AaJUlaSI CllULaaJI 
AjjI > 2a9 (_J jlcJl AaISL 1-lJJj ^cllk^all L_Sjx<a]l ■ _ 'j; - ^ ^»l jdll ^ J&J ^a!*aSI A^IuiaII 
jl Aj^LJI <_Jj3 l>« 2=-«Ljj3I (jic ^jljj^VI jj%j .AajjIaJI JJC- CjlclL-oll olaj 
Ljj^a a La £ jiaS LajaJjJ AjSI^aIL ATja-a]l j^^aj .EPA -Jl J 4jV jSI 

(J^ij-nI jail (jAjJaJJ .AjjAaJI (_g jl 7. <\\ lj _ajls -^"ij ■Ajj^all (_^jla>»a ^C-l j 1 <-\ 

. jjjlioll j ^XsVI j Ajj^LaII 

SLaJ (jl Aia.Li (J£3 ( _ 5 jtjjj .AJLjoiaII AsJIxaII JJjU-a ^ L_1jIaj]| ^j^J t-ljliaAj 
.AjsIjaJI Ajalui aluiJ tjj^axa.jj I ■ liL ajLaluil 
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jjajSll AjjaaJ! <xaui!\ jLuil 

LijJ^ IjIjj^I (_JJ2J jl jj-all uj^j^a eLi-a A^JLual a I ilia t " \\ a j^> i . lilaJ 
AjjJ^JI A.njlsrtll ojA jajj .IgJ 4a. jia-ajl NPDES (j-aji.1 jil ISa j i ■ n y all XaLi 
4jjj ^ t_fl^>j^all oLui (JSJ ^jJj Stfljla 4-uLa CllljjjJaC. (jiajjaj jic Aj.fl-i.iill JJ-^ 

aL EPA _J 

((Whole Effluent Toxicity, WET) ajKI! ^xn^l 41^ 

dlLijjJaC. I^'u <_J£ ^1 i—sLjaJj t^jjjjj-^. a jj^lc-j 4j_aLa JJC. oLysj < ; nil <-\ 
lillj j-a t '<i\\\ j .Ajslj^a Ajjj-^ ^ 4jjj ,j Aj<\>nll <-1iIjjjIj]I <_saljj t jLii.VI 
(Sclfe, ii^La jluui ui^r. (_g jini a — jjjIj V (_g pa jl jLaVI (_g jftuia JJ-^J 

ajjUI! sUail ^jjuuia Jil£jj La t no- observed-adverse-effect Level) 

j<s jl l1iLLL>jjjjJI ^L>j Cy* Lai Ac. j'h <La l^jjoball Ajjj-^. ,n\l AjC. jVI j 

1000 ml 250 ml j* l g ^j'jij "j^lj 3 ^ iVimj ^jII jjjjiouljJI 

DO JJ^JJ jj^J 0' jLu*>VI sjj3 (S^a. .'ajjli-a]| i— lb j > II aAa] Ujj 

i . nil <-»ll j .^jjj JfLiu pH 51 (_>*>US 25 C Iajjs ajl ja. Aajjj ^LuiVI <— ijs 

j| aJI jV cJ^A? t-it *tj Ax-Ljj 24 (j?J-a ^gic iliiaJ Ajjc jc ojLc. 

aaa £ial *6J jJA_a Ajjgjll jj£j jl (^ifjj 1 . Ufnall JJ iJaaJ J^Lkj .AiLuaJI AaL^aJI 

a j UJal l Aj_ojJaaJI dlLl£^aJI 

jjAuill (JjoIjII tlllj S jiaJI ^ yljJI #.LaJI jLili.1 AjuLill dLjj,..^trll jl 

L-ilLaJal lj (Ceriodaphnia Dubia) *LaJI di jc- jjj (Pimephales Promelas) 
(jjJa ciLy j]| (j^su cljjjia Jal .(Selenastrum Capricornutum) frlj. ^-sl l 

.AiLjiawJI ^ljj!)U jljJ^I J CjLjjjail 
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£^Jjj i—ajjuj .AoLjj 24 (_yaj3U .}*J ClAjSjll J^aj jbua-VI A^/n ijp JJ*JJ 

J] JJjjJ j tAjja^JI ojjJaiJI Aiic IgjL %25 ejJS JJ3 ^^Ic- $.IL <UjuU 

(j^ A\ ml > ii jl.iC.lj l-lUaj JJ^I Aoajoi *-lj^j '.'7- J t^llilj .AjjilLabajl sUaII 

t%12..*j t%25 c%50 *%100 J^a a- 'ti 3 ^ o=>a^ uuku Ajjj^.J Aju.j&I 

1 ; LU^ail L_lljjaijl tljA t ajaa^ll Jl^-a (J^uiu jl Jrt'l^JJ . (A 1 > n Vift A\m\m) %6.25 
(J^Li o^oluixi jaLjl At j i ii aJ-al 1 in. 4-1 jjjl <_Jkjowi aaa *« * ' - ^ A.un\\U 
jjSjj ^ i tail Aj| liAjfa Jj^?> jl Jgj ^ IjUjuojI ojlc JlaJ (fijll j jioi ^JaC 
Jj^aJI ^ya t ajflaJill oLw .AaaJajoJI sLia]| jjjIxa Aolc (j-ajj ClAjjlaU ^ jua 

J (j£<u (^jII AjL jiouJI diLi^Ja*]! All jV (Planktons Jll jc.) ji^-^ ^f- 5 

oLui (jj^J (jl cJ^-^J • jl^j^VI diLjjJaC. (jJJj 1 g lu lalaj (jl jl 

AoajoJ Laj elll jLikVI a j& jajj (j' (j-^J .S^juulII Alajoi j!La Ajj^x-a IaLj-s i LlLkHSI 
jj^all jUlkVI j .»U 7 JlaJ Ail jaj SOU* AlojoJ jl AcLoj 24 a.l<J SjU. 

liLajuJI jj<Mn\l (jJ^)ll dllj a jlali ^ASj jl£ t 0 i >i»"l<ill i"ll"nYlin.n\ £ I Jill ^aJ^J ^aJJ 
(jjSj (jl bJjJa1I Cjl jLui.^11 jfLaJj .LaJLa c-La (eg J.' 1 "?*) (J^-^J^ ^ )-»U<\ll 

jliikVI diLijjukac. Jiij di±a. ((Static-renewal Tests) AjJJ=o - Ajj j£uj CjI 

Al Jj^a. J jk-a ^Jl A&Luj 24 l£ 

q iaaa j ^ ( . ilj i u' lj diaaa (^g-^lj ^j^J^all Ajjou ^-a (j' (j^^J ■'^S^all 

.till _jiui jjic- (J!)Li a^<Ui,n.n aUI A*jjoi oJa! 1 in. t-jjfiV 
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aILoJI jI jaII (j^ J^iaVi jfLa-JI (>> jl£ lj) Vj UK* tdli jjfL jl jfLajj .(jLuiS 

<aLJI jl_jJI Oi^aal Aijjla JjJaai j) .JjSxa ^ij ^1 U^j^-j JaLsi all 
(jjll J Acli-all 4jjlaJI 4laLJI CIsIj^LJIj Ajlu^aflJ A^jli jI.Ic.1 jA U jjU^a j 

(jAj&j LjIjjC.1 CjaJ^La AjUjuaa 4 \1 t a £t»alj^)J (_ lliaJJj t^j^^all eXjua (Ja>Jii 
j\_ij| (jS»«J t dslj jUI dlLlA^ Jj-iaj -i*Jj . JJ jISj ^J^Sj j 1 4j _>-^- a Ij^s J C ' . A-boij l 
AjC-ll^a Vqimrt 4 1U « JJC lilljj tl^jllj] jl l ■ Uf^all <Uajoi t biajj tllUljaJ 
. j.lJI LJjiiS aLlJ Alma a A \\ x a j 

LS lc j ^LraJsuJ aUJI ^gic caloJI Ajc. jj a In mall JJjl*-JI (3^=2 

jjj*J ^1 c^jUI Jj^aill ia. 4jUsJ NPDES AJaaSljU cj^j .4j3j=JI aUJI 
4_}3 jaJI aLiJI 4jIa^. (jl .^axaoiaJI jial j*al\j i4a3 _oaJI alaJlj t4j^» lajuJI aLiJI AjIas. 
a laJj Jl tllUV jJI jlfLai j-a %50 <jl (^Sj IjIaJ 4(J^a J > SI j (j Jc 4-aU 

4 aJajVl JJC- IgJL^aJ £jj l^La %30 taL-all j^xa£ 4j3 jajl aLJI ^jjc jj-laJXJ 
I j.V r-i a 4j3 _aaJI alaJI jjS I J^jj .Aala-a jLl ^iC Ig-La %20j t4£jUjulJI 

.j^la-all fl-iiioiU Ifcjle luIIJI Jjjj jl £3jjj t4j& jj]| ^Jlc LjL^ajSI 

aLJI I^jS jj£j (JjJalLa ^gi t_b a2 ^^jll (—S^j^all alxa <LaJU-a Aa.J^ I ; llLjJ 
J i_flj^j aLw <aJU-a jj& UOL^Loil cCLl^iiil <jJa jc j t_J^iU <Lla Aj3 jaJI 

eLl-a jJjUuaJ ^LaSI J-alaJI (Jx^aljll ^LuijjVI ^jiuoJ jl ^V/n .4-aJlaLa A^JIxa 

^ ^gXJilall ajtojll ( ba^jll jl/ j jLiujl (J^a JJ^aj j^-aJ V 4j| IjJaj 4<_ljji3l 

^I^JjoiI aJlc.) ( « : ^u AyWii Jl (jx AalUJI <^.J^I ajlA (Jjiaj t_dJa jj .4j3 jaJI eUJI 
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^Ull J-aUJ djjij j»j3 .4j3 j?JI sUJ AjC jj ojU £-ljLa jA i±Jjljll * jJ jl 

JJ j=JI ^Jia-a ( <j)Vn jl ^Jl I jki 44jlii JJC. oix. 4ja.!>l*JI CjUIj^VI J^*J 

tjjiuJI j-a Ijjac. aJtojll L_dlajjj .LpL^ajSI jl Ljijj jfLa-a JJC. AjjLaII 

oUaII jjjc-j (jalj i—jLijaijl jjc ^Lail (JAaJI j-° t ~ '^J^ cJ^^ ^ jjj 

jJL^iaII 4ija-a jl .IfllLus llliao V <_ 5r *Jjlajl JJ(j Will jU 4j3j?JI 

.dljlill (. jal j lj > dI i i l l jlj-a! <fljal<all Aj^.j]jjJjgJ ^ jajIiII |=^iilj AlaJ^-aJI 









4jjLloj£]| jIjaII jiljaioil L £3_^a]| JJ^aJ 


(Jji_i£ j tojLil 4 jjJ o . 4£3ja1I jliiiil 


(jSj. JiiJ) 


<jal 


^ jll j <j3 jJI jU ^ Aj3 j=JI oUJI jliiil 


ejj^all jUVI Aj3 j=JI oLl<JI 


5 eLJlj T»"'N J 




(jJl^J 4JI jl) i Lji^j 


^Ij^JjoiVI £io jl Jail jl ijjiiajll <aj^)la JiJ*-^ 


jajfc J 4Jjo*j jl £3 j^ll elL SjIcI 


.^U-jSII 




(jit oJajjVI J AjJ.n^ll OIAllJ ^1,1 Vl.nl iSJjJ) 


4^1 Jill fjjll ii-ajj^all oLlo liljJ :4jjJ) 


^ L-k^l ,U p |ji3j 4^1 jjll ^1 Jj) 


tojj-<Ja-a]l Cjlil JiJIj idlLjUill ^1 j£l j 


((J^jVl ^J 


^(jjxutil (jiaJI J^lj 



AaSjaJI SU»1I 4jg SJjj :2-5 Ji" 



4alaij]| jjL-oaII (jhjqVi j iAjaljJIj 4l_Jj]jll c-jj ^LjjVI )->!-> jl 
jx ^tlall djjJjll JcUll * jail j^JJJ .2-5 <_&^ gj* 4auJa j-a <_jj]jll 4jai£UI j 
(-jUIj^JI j tdiLUjJI ^1 j£l j t^ljill ^JjJI j t^-ajj^l sU« iiljj£ Aoiaiill jjL^iaII 
^LiuVlj c4j>.j-a]l ^OAj^ajllj c^ij-all jlili-l t^jJA3«JI jS^JI J^l J ta jj<\l-><\\l 



352 



J j^. 4jal^ys jLI ^LaoU ( _ 5 J^ajJ nl jlJ j .^jjlall (JJS-ill Jjiuiull j c^L/Lall 
tdijllll £-aj . (J fl"'"* " ^ j^jflll jlij^l ^j-^J 4jS j^JI sIoaJI jbui.V £3j-all 

CLljlill j-iL^a-a lii.n *^ J • Jj^*J^ jl C-lij ft^lc-l dsLLaC J!li. ^ 

elsUl^aJ (j-a 4(_pajVI ^Jatui < _ s ic 4jjLja)£ jlj^a £*-<aj ^Ajlill 4-Jaiu^UI 

^^Jb ^XaVl Jijj a^AuiVlj AjjjiaJI dll-ln*!] gj^ljjll (j) -^J^^"'' 

lOA jjfLj .^laiswa tll'jij jjLuaua ^jic. 4llal chilli Aj'S^ AajjjJI JjjlaJI 

oLiaII ijji ill "i ^ J7. . in Ajal^yJI jLI JiLa t4iLlall jIjI ^j-a aij^La £>Lw 

Ullc d/olill J\ .*laLs A^aUJI j 4-aUJI dil ja^sull j jU j <4a3 j?JI 

^hVi.nl ^gic Luj=k ^aj*j is <jAilaVI j 4-aUJl ciiLi .^Vl l.n..^ jjSj La 

.4-ajL^all CLlVUJl IfrJ. lVl.nl £XaJ J jl 

(_>jjL<uj |»1 <\V. hVI IgjjLa^. ( _ 5 jtjjj cs-^J ^-"iJJ^I fl^ji«ajl <— lLal I^JjoiVI (jl 

t(_£^pall (jiaj-aJlj c.lji <->\l AjJaLijj (_£jLaJill Au^allj 44jjJ j-a jl ^yaJI elj-a 

^jJa^aA jA La£ (— U^a s^Ljj la-ia <\\l ^ L-fi^j^aJI slj-a ^J^ 3 ' . 1^*1 J 
s!.l\j ^Ajj tlj.L.i'i <ao-a*JI oIoaII ^gJj jlaJ l_ujLiI -Li. (j* jj^JJ t3-5 iJfLill 

<LjiaJj -^jVI t ajfla^l ^jlal] o^C-lilall ialLaJI tj-a J^C. ^-a <_ajj-iall elxa Jj^ill 
j| j^ll jj^JJ (>a (jj^VI tlaJI ^1 JjVg'ill ^ J t ajaaj j^b J^aJ cajlA ^ jIJI 

£3j-a jlili-l (=-ijJ .^j__)j^a]l ela-a ^J^ 3 *JJ^J '^J^ 3 ^^ 4^JIxa1Lj (Jjj ^^jll 
J j j»^C- (jLajJal tilljj jliiJI JaLaji j AaiaJ^all (j^i'll . aa \l ^jj'l'l (J^li. (j-a ^ ^iall 
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. j^kjJI oLla (JjjUuj ^\ a-\'u^\ (JjlalLa J jl tllljjLa-all jL^xa. (jjlalia ellLjajA-a 
.Ajjaull Vnill 4jLaa. ^ i ■iM (j-ajJ jl £3 _a-ail j'n nilJj jc- ^ ■ 

J jVI < Laaall jUaj J $.1^1 4jc 

.(3-5 S-iJ^ ^aui'jJ J jVl t baaall (jUaj JlaJ Clil Saa a <" \r «y ^Ajjc- 

ljljJC.1 lillij i L— iLu jl j3 jliicLj La jaC- #.Lall £A (_^Laall Jjjlaua (J^.1 (j<aj 

tjjAxll ^jLju] 30 -ixi- ^jii- jl J ^»ja 1000 (jj^a-Jj L, ^ » »^ c>° 

4jK 4jj jl j3 1000 j>a Jflf Jix* jA CjLu jl jail j-aj]l jLw-all jj . j*j la$j 

(-iLujJjal! jjUjj VI 4Ja:>i ^jj 30 Up^a S jja ^1 J^U 100 ml l£ 
jjUlj V J LiJ ti JLii J j .100 10000 ml SJjiia Aiic ^1 ^ AjJjJI 

V tlll^jj ilOO ml <_£ ^ ^jK 200 sjj3 ^jjA luui jla <a}3 4(Jj*a1I 

"J\ <_£>U> %10 j 4 100 ml —II ^ 400 Jc- <JjLsJI V-^ 1 jjV" 

jLLu^al jaJJ ^gjll JjlaliaJI <j^J -(^JJ%^ J^*-°) 'fj^ 60 Lp-i-a ojj3 

J£l 70 JS1\ cjLu jl jaJI jj& jjUlj V J ^Juij ^ &k£u£M cjLjU-J 
CjI jli^VI t> %10 ^ 100 ml 230 Uj^ jjUl, Jc ;100 ml 

* jaJI jpi LJUi. ^■j^LaJI ^jjj^xll sLw l . iim jj^J jl 1 . 1~> J (Jj^aS/ljj .fl^fllaJI 
(jl 1 g j£ a-J t^g-^lj ' jj^J *JJ-^*^J '^-*LoJI jIjaIIj t4jjaij!LaJI jlj-all j c^Uall 
'kc jjlaJI Ajja a!1 CjUxasoII c<L)ju<aVI Ajjlaill Ajj^jJI oLrJI ^-a (_Ji.ljjJ 

^^c j^.^n J jl!!!] jVl t Laa^ll jUaj ^ AjjLjjjall L ^ajL^kJI jl .alaU-aJI 

jl ^Sij j ^»^& j <— ijj j jl ^» j^ui jl 4aaUa (Particulates) (j^^^ 

jm (J^ udj ^^JtoJall jjJall (jljii.1 t '«■» i >>J V jl J'-Pj • ^Jauai j_jl (Jl jj 

ja^ijj 4 J , i— ib i) jj i^iii in j V jl LaS lJj$\ ' ba^jll (jUaj ^jLi- 

Ajc.111 1 Aj^ cja S I CllU» alia ai l 
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1 wii 




V * 









pH SI (j^liajl qaj t%10 jj^ La (^Sj DO AjjUoj^I Cjljjiall iaj 

jIjaII jjSjJ t>°J H-jli-aJI Clujjflll jj^JJ a-^JJ '(jJJ-^J t>* 

<_S jC-^-a JJC- JAW Ml' n"n ^ill J*i\ CIiL^uaII is^ljj (j-aj C djbjjai jll ^ A\\^e\\\ 

diLjjlaaSI oUaII Ajjo^il (j ajl i ^ II jjiu n"ii n'n VI ^g^-Pij .AjjUJI C1jIjLu13 

^U&l ^unUI jjlllj a^I jBj ^1 jtfj J t ^Lill ^1 jjVlj CjLjIKMj 

i j^ll tJjJaJI ^IjiJI aijjj jl t^jjiJ c£l$2uiVI <ji ^iVmn ^1 CjLjjU^JI j 

• AjjsJI SUaJI ^ijSj ij t^^V JaLiall 

<_fl j^l olxa £ jlaJ ( t n t u^iH AjC. ^jj J jjS 

t5 lc j 4Ajj2kJ al^JI AjlaaJ AlaLJ j| jJI ^Jc j tejjj^all oLa] AjoUJjII CjU^UI 
^gic AJC CllUiLla (jJajj .Ajjjiall oUaJI AjLa^J AjlajjouiUlj Aila^);^! jIjaII 
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<jaUJj]| tllljjLoJI ^jic. J jJflJ! (jAjJaJJ .^iUall Oil jJ CjI Saa a <j-a AjjllaJI JjjjuII olxa 
tllljjjll j > jaJJI cLtijjiJlS 4jV j JjS t>> 4-5 J J^?JI (jfl SAia-s i_ij^all eUal 
^^ic J jjSII j) .SjUJ! AlaUl j cpH j cajjiaJI j tAjjoijLall AaLall j| jaII j tSS j 
4-ajla ^ tlwjJaj 44jjjiaJI CjIouaII j aL£1I j-iU-aJI Ulc. SAia-a 4lL* j| ja 

Ljoa. i^LajqJI AjoulLa ^jj .Ajla-aJI ^j^j^JI oLw (Ja.1 BOD I'lim^ La£ t4 Ialuba 

.(Gasterosteus Aculeatus) 4£_oji jj liLa^ 4JaJ jj ;oaUJI AialJI Jaj 

<__uLaJI 4^<un taAiAaJI 4j-ajaiil 4jjjaJI dlLoulLaJI jLlikV AjjjaJI ^1 jj^i (j <\ > 2aJJ 
1-jl.uf.l C«.I^Aa. L-jlLaJa) cs^ -0 '"^'/'J '(^J^- 4 'LV^JJ^) (-5 J^-J (j^J^J ' ^ ' *-* a ^ 
Uuj liili j 4jtjUii 4£.Loi 48 t>a Vi<\ui\l CjljliiaJ *eAa (jjliS .(4£>La*JI 

<a.jAall (jc ( alLkj (j1 (j^-aJ <aJl*»a 4 laa .n t ■ Uli .o ^ <a.j) ajqbajl 

^1 laJjmlj ( LaiaJiH J-alc. jA3j . i—ijm^ <i ls^J^ 1 ^J^" 1 cs4 j <Lajlill 

^ laj > JJ ^^ill j ^-Ljj > adll ^^k-a (j r-i'il > ^r~> (j ^ i Wn .Xaiua ^^jJaljj ^jj<aj 

dtaj ialall J^a ij^laVl jIuaaII ^ 1 g t u ^iJ ^1 Ajjljll jl^laj iiaiali 

LJli. ( 'ojg-^Ml (J-alc- jl£ |jj .1— a^)j-£all elxa ^^>ia J-is«-aj 'J^-J' ^Jojoi (_g jai.nm 
LJjj^ill aUa ^ jia ^ eJia-a j| ls 1c J jjflll ajUj jIaj i<A£. Aa.J^J 

<aa-oll AjLaaJj .^j^l £>J! pl^i ^ J>J ^ill Jj^ill ( bikjll t> ajliluj^il 

jli UJIi nil li^J j .SJAa-a jlfi^l jlj-aJI o^A t Lu^ll dlbjiabaJ! Aic. 

ij^lxj AoLaC 4j-a£ CllLi j"i i n ^ ^ijJJ (jl Aaiajjaba Aji. jAuball ^JJ^I 
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Si*J Al^loll CjI^j = TUaa ci^ 

%50 J31S jjS = LC 

Wtoer Quality Control Plan, Ocean Waters of California. State Water : jAua«2t 
Resources Control Board, Sacramento, California, 1990. 



1. ater Quality & Treatment: A Handbook on Drinking Water. Chapter: 
Drinking Water Quality Standards, Regulations, and Goals/ American 
Waterworks Association. 5 th ed. New York : McGraw-Hill, Inc., 1999. 

2. The Clean Water Act. 25 th Anniversary ed. Alexandria, VA: Water 
Environment Federation, 1997. 

3. Environmental Protection Agency, National Pollutant Discharge 
Elimination System Permit Application Requirements for Publicly 
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Owned Treatment Works and Other Treatment Works Treating 
Domestic Sewage; Proposed Rules. Federal Register. Vol. 60, No. 234. 
Wednesday, December 6, 1995. pp. 62546-62659. 

^jLa j»Uaj (joj jA La ?siIj!LLa]l ^Lall ^Uaill l_SJj*j j>, La 1-5 

JJC.J CllSj-a (_jjLa j»Uaj jJJj liljiuba JJC. j dl2j-a JJC. 

4j Jujj ^1 cjLYjlall .LLai yjfc U .(3-5 Sjaa) eUIl ^Lki £ jj ^ io*-a MCLs 

^> jaSj jl JJC- j AjSj-a]! eLall 

t> 4laiJ cjULu ^ic MCLG ^ j Sic ?MCLG< jr «-a U 2-5 

jjala <\ll f JjV' (jljlujljaiVI ui<>\l La& La jJ^JI jJaj*J CllLuiljJ 

?dsL! jj^JI cH 3 ^)*^ cs^j *-^ ja "^' 

l_ljj£ll oUal ^fl\£-a3l (JjluwJI jJ-iSJ jLaJ ?MCL ^^ia-a La 3-5 

? jLj^a JJC CjjlaJ (DWEL) 
<aJU-a 4jjaj LS ic ^jjjjjjjjaijlujSJI j LojLrsJ! j-a "oaJl .lajsu liLaJ 4-5 

?MCL j> J&1 

CjLTjLJ j lllLjaj-alll ^La] (_Jjji3l oLva ^Lk) ^ <*JjVl j>! J=J ^ La 5-5 

?f.Lall ^V""" JjJ-^jll j-a (_J ji.VI 
alo-a jl. ^irt j-a ( " )1 > >i ja<JI "01 jV L_ljjiJI aL-a AjaJLua jLajL t si 6-5 

jj 4jjjlj3 AjjC jl js-j Ijlj ?4_}l£]l CjLu j] jail jjjlS Jaau 1 3La 7-5 

jIIoaJI jjSlaJI jLucVI jA La tAajLvjj ^LaJI £J jjJ ^»Uaj j-a m 
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Jal jjSj Cjo^j ^ j^ASiS £■ jjJa jJ! MCL j-ij^xa jl ^3 jjj I iUJ 8-5 

?C.U3I c*E}l$iJ (jx jA ' j^-. ( ^S£1I jljLJI j-a %10 j 

La ?L_l^)jja3l fiLus ^gi (jjjLaall j (j^aL-^ajll 4jil^a jL>jj jail > «jS 9-5 

?e^A 0I ja-VI '-'L^ui jjL>J l^j AaJUxH CLiLuaj La j «.l <«1iLjjju! 
^L>jJ Jisua ^Sjx ^ <_sjjill oLui ^ Jjlall ^HaJI jA La 10-5 

,^JULa JySjJ ts ic ^jlajj oLui (_J__^ju5 ^a Aa^j^all oJjlill La ?60 F aj'j^ 

? jjlill (> 

?L_J j^ll 0 L>a ^ till Jull 4j* ■ all jLLkJI ^A La 11-5 
?4TjLJ 4_l3 jaJI eLul! ^a£aJI I J j£ ^SVI S jUUI jl jaII yJk La 12-5 

4jL2u£a1I tdjloijujl ^ (SOCs) Aj*i^iJI ^j^jjaxll ajjLuu£1! ^ Lj 

WjajaJI e L>J 

CLlA^.j (^jll ^jo^jlLpI (^^J 5 CllL£^al AjjLuaJ^ll * L_u£l 13-5 

?THMS >U^a jA La .t-Jjjfill aUa 
?djLlLaaJ] Ajjjlall JJjUaII jjixlaJI j Al^aJI jjfl.ni ^>jj liLaJ 14-5 
AaajjiJI oLuJI tlljjjll 4jal j-a £c-al jj Oj-I^jj Aj^. jjj EPA (J^ajaj LaAk. 15-5 

?CWA aUJI Ajjjj j csIja! ^ Lai t4Ju JlaJ j 

eJJalcJI ^LLaJL 4-ajli ^jJa ?NPDES »J^"<-^ AoajouII ^7) 16-5 

.AjjI^j (j-a I^A (j-aji-jjll ^c-aLi^)J 
C.La]l AjC-jj jaJj >y\ 4jjjjlall jjjLcaJL 4-ajli £_Ja 1-5 (JfLill (_ya\ jti > »L 17-5 
^ L_l^>julll oL-a ^aJ (j-a j AjjJLaJI (JjL^-a ^ £^>laJ ^^C-Lu^a t-Sjj-a oLw (j-a 

?NPDES jj AJI^a ^SS Oi£ 18-5 
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?£u.l»ll ^.aj^l aL>a A=JU-a CjUaa^a 3il£ 
oLw ^^A 3 'SiJJJ^ Ajjail! Vnnn ^^ill jjjLcaII ( _ ? la 20-5 

^ill Cj^LII jA La .(<ia^l frUll Aijj^l ^llax^a L_Sj& 21-5 

La ?ojjA.lLa AjaJajoi eLui Aj&jj ^>"i^J ^jl TMDL £L-abjjl ' 22-5 

j^jj ^Jlll ^.umjll ^ W\\\ jA La ?4j*>}-i.ii1I oLuJI jjAJjJ AjoujjII lJjujjVI ^ 
?^La J^a ia. S jb)/ TMDL ^Ljj ^ jl Xao*-a 
kali uJjj^l! oUaJ AS; mi a AaJU-a ^c-aLjjl AjoUJjJI L_fil:iAVI La 23-5 

?(WET) AjKJI i.ijjiJ 4la^ jUil Uu£ 24-5 

Ajjo^JI LuLj IjL&kl ^ jsill elj^VI jA La 25-5 

aUall 4j& jj sjl^V 4j£-aJI oM^j\\ AjjILJI jA ^-LaJI jiiau !3La] 26-5 
AaJLua CjlAafc ^ La t laja J ^3 £ jlall aiia_J A=JU-a]| J j^J U_G 27-5 

?<aLaii aoL^i jij^u Ajjikaii iiii jyi jc. jj.^n i«j ^ ^S/i 
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6 Justi! 



AlAii 4ja! eLiAJ Jjjjlll AjjAaII oLia £jjjJ ^»Uaj (jA ' '< ^ SI (jj 

oUaJj 4(J^Ij^JI 4 a al £ <\\ Saa * sLaJI (Ja 4aal£ 4-ba£jj tj^» ^1 iVimuSU 

oLiaII j cAAiaxJI jUVI c-IaIL 4jj.la]l jjg V'< j-iL^xa jjl ^»Uaj j 

J^l i f\ n (j-a ^»UJI jjg oLia L\£ jL .AjjLall (JaIj^JI j j t jlgjfylj 

La Ldlc. .ClljSjj (jj jUVI ola-a (J-IaJI A_iolc-l ^Viui'i LailJ ts-Lall ^ja fiJJjSJI 
.Sjjlill j SjjKll ^LuLoL 4jJU-J Jj jrL^J V CjJ=o AjuAia 4j3 jaJI sUaJI 4ac jj 
qa (j^-aJj 44jj^a]l 4joL AlLla J Jalij SjJe Jc. jLVl ^JJJ <jl O^iJ 
j» jij lAAit c<=Jl*-a ^aVI t . lll-n (jj (j^l ^»Uaj Jj o^joiLba £CjJaJ (j! sLbaiS 

Jj AjaJajjJI oLaII JaUa qa ^LaJI JSjj HjuiJ £3j CllliuJaA jl CllliuJaA 
e-Lall (1^3^) *^?-^-*-a]| sLiaJI qa -i-s v '<-i (jl_)^ ("J^ .A^JIxaJI 4 Saa ^ £$J* 

.^cjJall djV^st-a (jjJ oIjLjaaIIj H_llia]| s jjj Cllljjal djl laLu^VI (JJaIjJ a mi^)aII 
Jii Ja Jaa* JJC Jlc- La 1 >i 1 4jsJIxa1I oUaII Jiij Jlc. £3j dll . >y a ^ j&j 

^ j£ t tllj I* n\\ -Ij-laJI (_ja 1 ^ Kjft Ajoujj oLia Ja jixi. jja ^jjjall ^Uaj ( 
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1 " )\ i n £A (J-ajVl ^ In i n <_gJc ajLuLa tllljl ja» jl 4<*ijjASI Cllljl jaJI 

^aal XxL i_L^aJ . (jjjljajl ^LjjaJ j ti£/l(puiVI a jjj dlljjAl AjjLs LllLjjaliiaAj ajjx<a 
^^iLjLa jj jl (jplcj CllLal <i > i-i ^ j jjj . (jujj j]l £j j jjll Itn j Jjj ji. j3 jj > ^ 

^JaLa ^1 (J Jc Sjl-ijmll ^JJ-aul L-JjjLVI ^»Uaj J*l£ JJC 4aa>ij| JJjuiV ! JaUjll (J Jc 
e^A ^.liJiuiJ . JjjIjaJI CIiIa j3 L^-iS Lu 4<Laai. ji»a ^\ jl L-jjjLVI ^»Uaj j-a 
V jl jLu-ial j c4_)jjjjJa 4jljx<a (JaJ (j-a LJJjljVI j»Uai (j-a ^JaLa (J j*^ '—'Lai <\ > 
^JalS cLa 4-a.iaJ AjL^a j ^uJaJ .Ja33 Jjiu^i £-Ua3 V) cLaJI djlcUalil jjjj 

^jc ^jLuLa jjj! (jj^lcj ^ «> a 4-a^i. Jai. C(jaJJj]| «.LJI Jaa» j<M >i i " n"i <i jLj 

jjJalaj aLui .jI^C j^ajJalaJlj lillLaJI jSjqba iJaJ.il! JaaJlj cJjjjJall 4iLa. j?Li. 

.'ejjjiJall CjcJ (jj t »jaa>J ^Ioii-i jl i >i 

Jau2a}! cjUlala j f Uil AoaS 1-6 

^UaII j c jlfLodl .J.JC L5 !c La 4-b.la (J^ j-« <JjliaAli *-LaII 4-fa£ .XaJJU 

jjjjLaull ^.UJI ^Uaiaus j t^AaSJjll <U*Jfiall JjJallaJI 1$JJ -^J^L [jj '^^«) 
e«.L& dj|j oUa t_jjjL)l C_iLu£jj Jla) aljJI t <Jc <]aalawa]l ; jjJcLu^llj 

dlLajVl gJS J '4jilJ^ J 4 V»nMI JjIaliJ c^J gji oLaII ^I.VVi. J ojlcl ((AjJIc 
La dj|jl"^«JI djLujLal Laa j a\cLuJI aUaJI JlaJ jaJ ^La ^Uaj ^ j .4jjL^uaVl 

i—lLoiaJL <L>jOa]| JJC- AaiiLaJI Ajm'illj ,4j jj^aall J»J ^ill ^LaJI j-a %70 Ajjjoij 
Cjao t_iuLiVl (>a ujjjouII 4 -> j'Vi %15 j tClibl^aJI <3J ^»Jc 4 t> ni %10 jJJ ^JjS 
JJC. oUaI] 'LjVj^ J^jLt-a jjLuj j .ACjIla jLsl jC ^LJI £ji.jjj tj^ajVI 

• %20 J 10 (j£ <jjl JJaIL 4ja.j^a]l 

JS1 (2270 1/d) 600 gpd aAjj-VI j^l j^a f l^la>t Jj»- ^ 

.<JC.i U^>\l j AjjLvjIIj <jj£jai]l (^LL-all jjLj L>J3 LaJ tjlOsJL <jailLa 4-atii-a 
gpd <JJjjaJI j <j3jjaJI (^LLbaJI til^^luil ^Lj 4jj£uaill (jiallall jjLj <Jjaijllj 
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fj&l Jj <1060 1/d) 280 gpd ^jll cjIjV jll t (790 1/d) 210 
j> .Ua JjlJa * ja. .fiau* Jjio JSJ (1740 1/d) 460 gpd ^ujill 

40 in./yr ^jiwll J jIa$JI jjUli (jlaLLoll ^ ^jl ^UJI 

(jjlo^JI j 4..U...W1I ^jjAL 4jU«JI ^ t_sUJ1 ^liall ^ Uf t(1000 mm/y) 

«4jj.la]l ^ (_jJ=a\3 (JaJ *.Lall ^ (_£.iLnC.I ^ jjl ^^^ajj-ajll ^Lna-VI £ jl JJJ 
^oLu^all j ^jlaull ^ j£ . all ^ 4iaiia-all Jjialiall j t^liall j t£3 j-all ^jic .XaJJuall j 

(760 j 380 1/person . d) 200 j 100 gpcd a" 'U^ 10 ^ tS^^ J 

150j 80 gpcd UjjLu AjjixJI 13L.li.ul tlUluaJ ^lu .^i<uJal<ul CjU.liia.VI 

Qii l5 j U jjc. £>al tlLjLJI L )^33u ^kj .(570j 300 1/person . d) 

.6 jjoaua till JJ»JJ n'li n'n <jl AjcU-all dlU.Lua.VI J (jjli jll tllUlua.1 tlL>Ua j 
L_aiaj jl 4_ilU oc-laS till j oUa t-JJjlil till jjfrajl j£-aJ 5-8 a jSall - j (jSS jj La£j 

(150 1/person .d) 40 gpcd «^l ^ 50 %40 ; U-L *UI c£l$U 

,4£.Lui ^Jj <c.Luj ^ j UajJj tUL^aS AjjSjjJI (jjJaliall c-Lall J laJL ill (jjlfl; 
(jj^J 1 ajjJ .^jjj-all ^^.a jail J^xaII jpi UjSJ %80 (_£ jia\ll jJI iiDl$lujVI ^lu 

(jx SjIc (jiiiaj (jjll ^uUI oJA jc tlULnul .%30 — J jj^I ^qji ^1 liE/l^loiVI 
(j£-<u .AjL ^>q\l ^•llall tliljaiul l*_u A*!- 1 , a £-aaul j/W <i j^ uJ jj£I jj£j A3 (JjIjII 

<> %180 J j^=o (Maximum Daily Demand) <s ^!\ ^ jjII ^Lua-VI jii*j jl 

(Jjj-aS 4j&Lui ^15 j! tlliaa. jl Jal .300 J %150 j£ ^jljJJ ft^J Lr*-*^ Jjauall 
dua. 4 <9jkUI CjVUJI *lu1 t_jUouVI Ja*-<u Jliai 5j JL. 2.5 j*! Cua.jl JJ 
.%300 (^3^1 ^UJI JoxaII iauijla 

^a'jdll (jj^J (jl ( _ s J>ji)j .^J-ilj (_J^ 4-<ujj 4-aUll aUJl ^Ljja.VI (j] 

tll^lja > JJ (jjjUuba C.U1I (^gJc 4jaaU-a ^l-oLijj ^-^J jl ^LSluLall ^Lua-Vlj 

t Aj <\ i i i j-a till a.1 j'i^l ^ i ^>^l j (^Jlj '(^j-ajjll >>l JaJuiVI (Jiat-a LjaS Uj <a^I jia Aala»a 
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tLjAjLi. j Cj jJjll (JaJj Aoajoi j^s CjULnaJ ^ i aSf j (jj^lj t^C-Lui ijmii ^ i all j 
.AaC-lu^l j AjjUjIIj 4jj£JI (^ialiall t> J£J AL^afliall CjU.Lli.Vi ^Jj AiLjal 

AjjlkaJI ^LJI jj .(JjljaJI UilLa] i_j jikJI ^Lua.VI ^^Sc j 4j1 j^j oLlJ] 

Lille ,<Vmj jIjLo i2-6 Jj-l?JI ^ UjJa j-a ^ La£ ijjjljajl 4jaiIiLa ^ 

'jLVIj 4s.LaJ! (JaU-o (jj .l^jj^ij i—jljj^aJijj 1 a ■ iaj if.La]l A^Jjoi ~j . j 

'ajjill ClUliiaJ ^gjlj ^Laj^L t""uVl t<JIi]l ia jixi. j i^tj-ia]! j i4_aJl*-a]l ClUaa-aj 

<jc.LuJI ^-o JxUull tj^-oj clua. t ( _ S J-£»aVl ^ jJI ^bl^VL SjIc. JIojj 

(Source, - UJU-aJI - ji^Jl ^Uaj ^ aL^j CjI^j iaj .(jjji-JI 

1$*^ j] J t <jLu^i]l Jj^-uI j t <jjLLll LjU.ikia£U t«llj j t Treatment, Pumping) 

liDLjJjuivU L_JjUa*ll ^ixu^aill l_jLujijt ojlc J^a-J .^^LSIoiaII L-llklt .llljj £-a ^ 
L_dlaJJ La t^LuJJjll jUaaij ijjjljajl aUa ^jLuujl AjI] lil.Ja.fl ^ ■ o3^l ^jJI 

'el jLuiaI] L-J jliax ^>i.l jlaLa AiLiaj tjjjjpj ^ SaLjia.V ^Lna-Vlj AjaLjaj £tjJa Aatui 

jjljSJI lillj j^fl t_U*jJI tjjjIjaJI sLva l_)Luaj| ^/'^ AjIJ liLia-a ^ ■ -SVI 

. Clsl Ja. jll (_Ha*J ^La^al jJ-^^-j (J A^ikjjaLaJI 

450 kPa) 75 ^1 65 Psi fUiS ^ 1*j ^^jj jmu^II <-ja ^JLu 

(_£jJjoiaJ . lil^iUjioi^/ 1 d iLaA jlj ^jS <_Jj*j1 AjuAia ^)JJ*J 4 ; s-^J '(520 

lillaSj t^ljJa 'ajjjoC. (_^<a 

Aj'jLa AaLV (Jjl jaJI ^ AjISjII (^JjLa jJ jVI JJjJil! ^UlL UalS I JJ^?o 

100 t> J3I jB JaiuJail j .(280 kPa) 40 Psi jM ^ fid ji 5 ^J^' ^ tP^ 1 
kPa) 150 Psi jA Aj ^ j^a^l Jai^l j jij^ ^ (690 kPa) Psi 

U tAjLa-JI i-jjjLiVl CjI jjq"' t> ^Sjll i^u t<il!3 tjc ij jla .(1030 
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Ja jsuJall (jl JJC. .150 psi 6J^2 ^ .nhr.f (JaC. ' ^ J<\^»T)\ 4jjLucVi 

( * 3 ^X»J1 (331 AjIS jJI cjUlala 2-6 

4Jajl j jAj ^(Insurance Service Office, ISO) t>»fc]1 cjla-ia. c_i&a ^ jii 

.Igjc* J^Uj]I j (JjljaJI Cjljljul i^&Aj 4«.UL^I ajjl-llj 4«.Lalb JJ^aall LaJjSJ 
dlljj£-all <La£Laj Aj3 jJj j_5ia ji JQC-Vlj ikSfl <g*^j 'La ^J^L <J olalall dLa. jjoiaII 
4<aJla-all 4jaa-a cjLujjail j 4«.Lalb jj^lll «.LalU jjfl -\"\\\ <joi1Jj]I 

■Ifrliij 4<joUJ^)1I ^jjjjll JbjItn j tsiLalU jljU^U <joUJ^)1I iajiaiJI j i^CjJall 0 jJSj 
4jvjliLa] AjjyjLml '"'^ jjg a J (J-^ La <J^J '(J^^P-^ <— iIAj3 £Ji\ j-a j ( CllLaLax<aII 

(jjja. Jc- SjIluJI JJ3 jJJ ISO ,,5^ JJ lillj AiU^al .La J i$ J=^ 

(Guide for Determination j; (jjl jaJ aU* jj^j Jjh j^-i 

l-jL^I jjoiG CjUI j*J ISO —It j of Needed Fire Flow, GDNFF) 

i_J£ j?*C-J (JJJ^- ^V-iji JL^. ^ J $.LalL jjg ^»Uaj (j<a (Jjl jaJI oLui 



.Insurance Services Office Inc., 2004) 



365 



(Needed Fire Flow, NFF) (JjjjjJJI ijjI jaJI i—iUuijl 

4_ujVI (j- 4 aJj£ ^ (_>uJJj ijjj^)^- J' ' aa J (jj^^P-^ ^j-^ ft Loll i -it-iuul 

ji chUiL l^a jal^L V ^1 ^bVI ^ NFF _U ISO —II 

.1-6 aHjcAj ijmVi j <iUj3I j *.Lij71 ^ jj (jlc Q ^LiuVI <_Wc- j^jjj 

Q = 18 F (A;) 05 ^l^j) (1-6) 

gpm c^UiuVI = C. <— ya. 

C- Llill t LlL^alj JaJJ^ys (J-alaua = F 

(ji&L jLL] tl AjsII 1.5 = F 
(jjLiic! «2 Ajall 1.0 = F 
$ jia^U JjIS c3 AjsU 0.8 = F 
Jla2>U (JjIS jjc. '4 AlaU 0.8 = F 

(jjjaJl a jlLa i5 Alal] 0.6 = F 
jjjjail pjli* <6 Aiill 0.6 = F 
JjAL. jj^I 4j*Ljia ^ aJ&UII a^LouJI jl .ft 2 __L aJ&UII a^LouJI = A. 

CLiUa AjjjV (1) (Jjl jUI j* AjjVI Ajjiall <_iuuJI liLja* pLbll 

5 oLi^ 1 ^ (2) (JjI jiJI ^L? CjUL^ j* %50 t4 1 ^U^V 1 
tjd j kcixji 1.5 AjU^ cjlj ^Lull ^ A^jaUll djUaal! J£ Cjjl£ lij t 6 j 
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%50 -a ci >Vl 

Q = 3.7 F {Aft 5 (^jjla cjlo^ j) (2-6) 

1/s i*\J£j\ iSAc = C. 

gpm :4_uVI C( jjW>jj VI ^j-*^ c<jjni^.,,n\l ^aall ^ jJaill (j^aij 
5 <4 c3 (380 1/s) 6000 gpm a j 1 (500 1/s) 8000 

j) .*t£jYI cjUa j> Aia '^V ^1 j ^LL *tul (380 1/s) 6000 gpm <6 j 
jVl ^^^aJI Q ^ ISO jji (32 1/s) 500 gpm Q -J LuJ ^qjSII 

.(16 1/s) 250 gpm 
"jlj^^U AjLLaJV cjUa2 Oi JUuiVI J-l jc :l-6 Jj-i* 



Oi 




0.75 


Jlji^UJiS j^C-1 


0.85 


j j^a-o mi; (jl jla^U JAa C-2 


1.0 


jl j^l JiS C-3 


1.15 


tij^J C-4 


1.25 


Ac jjjij (JjjiaJ C-5 



Guide for Determination of Needed Fire Flow^. Copyright, Insurance '• j hrtnW 
Services Office, Inc., 2004. 

Jlxj t_g&j -1-6 J j^?JI yi a^j^o (jlji^li AjLlill cjUal Oi JUj^VI J-«l j& <jl 
:5 1 0- cm\ j> ^9 JS1 JLfiJ ^ U .NFF _J ^ Jc. JUutyl J$ 

."Luia-all £jLjaJI jl 4^>S*^JIj t^li.jllj «^L>jll J 
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tiiljilll Jia t jljiOU aJSj-^a AjLla Cj|j j| jJI J £jLjaJI :2 <UaI! 

^jll ajc-U^jII cj7Lu£jU .<_uI£aSI j tii£l£ jJI j ^LUI j tc^U^ll j t^U^llj 
« jljls^ <Lla 4ia 4_i 4al£3l jiUI ^Law ^ %20 AaWi La l^ja 

.C-3 t> cjVLuSyi JS3 V J jjijij 

jl j*J lillj Jlla ijljia^U AL.u\ jia AjLIS Cjlj jl jJI jl ^jl > iaj :3 4jiJI 
.CjLa.liJ1 j ^X^aVI d^La-a j CjLa-lkJI j jjiaJI j 31aaJI jl jjJ fj^a iAjjIiill i jaJI 

IgiljiaLj ^ LaxJ jl Lijlj (JaAijjj jl i'aJboU jjiaJj ^^ISI ^1 j-all jl £jLJsli!I :5 Ajill 
CjUIajIIj AjjI jinftll Jll j-all tojaiiLall j| _oa]I lilJj Jl!La iSjaiiLa Sjiul j! 4j$lLa A1\.S\ 
..'n 7. Till dj^La-aj tiLlkjj^Lill LllLalLaj t<jj^a-ollj £^11 4_Jaj^)»-a]l 
jj^Sj jfL<ua tt in.^ill lllUa JSOaia j CL^ikJ^] 4a. jJ 4x- jjla ^ La! 

^1 a1 jioLaJI AjKJ! jjLUl ^U.La«> js j (jixaJI j^lc jjAull <LU1I Jlx^l 4j3 

J %95 4Wi La tjjSj dlja. Jaa3 jJaJ L_a jjuo jl Ji^.!>U 4jjla jjc- 4j3 :1 AiiJI 

.IklLua C-5 ^_^>J 'C-l ^gic-LoiJ A! jxjjLa jjUall Aj]£l\ <^.Lui-a]l (j-a jj£l 

Ail^xaJI AjIjVI t^Ic Jaaa jJaJ i_S ju jl Jja^U AjLUll Sj jO^-a 4j3 :2 4oiJI 
(jj dlia. j (1-6 <bU-a]| ^ 4^.jXa F CjXaU-aJI) 6 jl 5 4a3 CjLiiLa ^ Igj (^Jc 
C-l — J J jiala Ajkll jjLUI A^Loui t> jjSl j! %80 

la jjJill 4ja ja jjj V eLu y ^ic. jikj yji jl jls^ll <LIS 4j3 :3 AiaJI 

.<LLJI 

V Cjo^ iC-4 iSj^. *Lu ^1 ^ic jdki jl ja^VI S ja. 4a3 :4 ^UUt 

^ULuw (> Jaaa %25 VI C-5 j C-4 jlcLi L^j jjSj ^Sll 4£jlla]| HUuW JuS 

• %15 t> J&j tl j^v j j] tC 5 cs^-Li 4_uou jjIj V jl AJojj^ t<i Lu]| 
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%15 £y» ts j*-} ^Lij y (^jJc- Jj^aj *— ' cj'j^-^ ^J^ 1 ^ :5 

• C-5 ,_gic-Uij (J J». i'i'i o <la 
^ 4i j£LA\ JL^uVI JJjb JiLa Pi JU^ajVl j X/ <fr=J j]| <JJ j& Jiaj 

*UJ! ^fljia UijL JS1 ( X + P); _J 4*jS djj'jL jil .NFF _S! 
(X + P).= 1.0 + (X . + P ) (3-6) 

1 - j 1.60 lAj^a _^a3 4-ajL 

2- 6 J jB J-l^ = X . 

3- 6 Jj^ cJL^uVI lUIc- = p. 

i_ul ja. .lie. = n 

r !^b jM! JjL) - JjU <*jS 4 *UJI 4aa ^X. J-Ull ^ 

Joljc. 2-6 (Jj-^?-^ J(S SaJ .^jjjifLall ^LrJIj t^jjiill Jj3 ^Jti (^j-^J 

^1 a! <^jll jUtVL; jjl^- *UJ ( X .) jll J-lc ^ ikb 

lift (jl£ I j] i JjLa-a elij ijA <&^J iS^C- 4jM -la Jj&\ ~laS3 J-aUiB Ailie 4-aj3 

4 jj j JplLj Jjj^a. ?. ILiaj at lalj a j 6 jl 5 Ajill (j-a J_»ijuu> «. Lij£ 1 a "i , ^- ^ jjl A\ f. 

•C-2 J C-l l*L J! ajLij^ ajLU . aL^S 4 J 3 ttiS <> J 

3 Ajall (ja j\ i4 jl 3 Ajall jj^s ipjallj Jjj^p- e^i^aj aUaiJ jg? " J (J jijuu-a 

j^lc P j J^Utll j-alu .C-2 jf C-l IgiL j'j^^ AjLj-^ « AjLla i al^j 4 j1 

^3 JL^ajVl JJ^I J ^jj (jjj ' JL^ajVI cJ^ljC- 3 — 6 Jj^taJ! J$JaJ 

^a. jJ ^3 .(—uUJI lilli (j<a (jlcVl P i Jaia - t^U. jl^a. ^1 

i^Vl^ NFF i.mi-sjm j jjL-a ^ jLou^ p ; jli JL^i! 
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NFF = C . x Oi x ( X + P). (4-6) 

(1/s) 'gpm tAjjjjjJall jaJI sUa (-jlwil = NFF tiu^. 

(1/s) 'gpm 4«.UiuVI <_Wc- = C . 
1-6 J t JU^V 1 tJ-lc- = 0 
JL^uVI j jB = ( X + P). 
^.mi Uajc NFF (jij (32 1/s) ^al^aj 500 gpm aj^a ljUuu! UiLjaj 

j] .(32 1/s) gpm 500 JL J V j (760 1/s) 12000 gpm jjUlj J NFF 
<gpm 2500 t> Jat jl t250 gpm t_J js! ^Jl jji J i_i ^a^JI NFF 
.2500 gpm t> jjS! jl£ jj 500 J>\j 
Xj ^Ijfl J-lje :2-6 Jj-i* 











6j5j4j2 


3jl 




Aji.jU. 






^ .ft) 


(ft) 


frlij JjLLa 
aJjSSll All 


0 


0.16 


0.21 


0.22 


100-1 


10-0 




0 


0.17 


0.22 


0.23 


200-101 


0 


0.18 


0.23 


0.24 


300-201 


0 


0.19 


0.24 


0.25 


400-301 
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0.11 
0.12 



0.14 
0.15 



0.15 
0.07 



0.08 
0.10 



0.04 
0.05 



0.06 
0.07 



0.15 
0.16 



0.18 
0.19 



0.19 
0.10 



0.11 
0.13 



0.06 
0.07 



0.08 
0.09 



0.25 400 j£\ 



0.17 
0.18 



100-1 
200-101 



0.19 
0.20 



300-201 
400-301 



0.12 



400 <> 
100-1 



0.13 
0.14 



200-101 
300-201 



0.15 400-301 



0.15 400 <> j£l 



0.08 
0.08 



100-1 
200-101 



0.09 
0.10 



300-201 
400-301 



400 a- j& 



JjaJI g-lijj jji Ljy^ll ft Luil JjUJI JaJI g-lijj 

jjiLaJI «.LLlU Jjliull jl.iaJI J-Lijjl lit . (_3j1 jJa 2 ,„„^< jjlu 

0 = jjli 4 Jsl j fjjail! Aii eLiJ JALJ J^aJI ^-lijj jA 
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Pi JLuaSVl J4I jc :3-6 JjJ^ 







j*. isli. Ajla j 
sUill 










21 
50 

<v 


11 

J] 
^ 20 


10 

i J 


J! 21 
50 

( v 


J\ 11 
r& 20 


10 

Jai J 


J\ 21 
^ 50 

(*) 


11-20 


10-20 

Jl 




0.30 


0.20 


0.30 


0.10 


0.20 


0.30 


0.20 


0.30 


0.30 


0 




0.10 


0.20 


0.30 


0 


0.15 


0.20 


0 


0.10 


0.20 


0 


Sjjiia A 4j3 

sUill 


0.15 


0.25 


0.35 


0.10 


0.20 


0.25 


0.10 


0.20 


0.30 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


A <ja J SlajJI 


0 


0.10 


0.15 


0 


0 


0 


0 


0.05 


0.10 


0 


>" 

B« j SlaJ 



.Pi = 0 .50 ft &■ *i> ^ <W JljW (*) 
.2004 dnc i(>obJI CjUai. ^Jall 3^ j.i.^J : jA*aa2I 



372 



jjlajj V AaiLuj (jJaLlAl AjjjjJa Jjjja. sUa CjLUuul = NEF :4-6 Jj-i^ 



(gpm) c5 JJJ-"-^ JfcLP- *^ L r 1 ^ J "' 


(ft) a V^SI jll jjj aaLu^II 


500 


ioo t> j^i 


750 


100 J] 31 


1000 


30 11 


1500 


10 <> Jj 



0.305 m =1.0 ft :a 
0.063 l/s = 1.0 gpm :b 



jjLUall jjUjJ V J (jjfiljlc. jl <1jIc |juJaJ ^jjll (j^LouJ] NFF (jj 

3500 J] NFF —1 (j <aM J .4-6 J j^Ji J l^liSjb 

Jj ajjouIL .4-6 J J jj& ^ jaJ ^LowJ 1/s 0.063 = (gpm) b 

^UajJ ^jj^jJall jLjjaJI jA NFF 4 ( _ s £jjL<i jjjl jj^JJ (sUab s.1jJa]| jSLuball 

.(32 1/s) 500 gpm t> j£ jJ ^ -Li^a 20 Psi Jl ip Jill 

(jjSj (jl -^J- 4 (Jf* ' Lnx^adl ^gj^Vl iaJI Jaj^J Jj La J 

Jc- ^jjjail <_J£ o^ys ( — iLulLal l ejLjj ^jiL (Jjjjjus (j ^T^ mi o^Sj-a 4jLu^a ^jxall 
AjKII <avLuiJI (ja %25 (\) o'SljA ^VuiumI <aJalall jjL>JJ VI (^Juiia .Jjfyl 

JLJSfl 2U.LauJI <> %20 (sj) <C-1 jl Jj^VI AjLla Aja <> JUuil ^ *lull 
t> %15 jl 100000 ft 2 (^r) tC-3 J C-2 jl Jiatfl ^Lla <aa <> JUuil ^ 
J 5000 ft 2 (^) j iC-4 jl Ji^VI Ui3 ^ t> J^j 

^Jajj) .C-5 jljls^l 4a3 ^ JUjij <iLuU AjKll 4^.LauJI ^> %10 

.( jl JS»3U ajLUSI CjUsI <9 ; JUuiVI JJ jc 1-6 Jj^=JI 
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t ak^ll CjI jl ^gic 4JjL b jj* jjfL jl jJjjjjI ^Uai t_u^J^ 

■IS c^j^)jL^ail (^jjjjJ^jll <__! jjjVI ^IjJI jLjaJI jLii.1 j ^ jf\ \ nil I^t i elsl jLii.lj 

jl (jia bbb (JJJ^. ^..n^ ^JJ^JJ .SjJ>Vl 48 —It 

j^i 48 — Si J^U- jaJ jS (jjl j^JI Uo^a jIjja.1 
Jpl jaJI dUa <jLu-jV Aaiaxfl Jj.JaJI 

jLoi-V AijaLJI AjLjlallj (Jju! ^jI* ^Uaj jx c-Lall j-a ejJjS ^jUa£ L-lauoi (jl 
Ajlcli Jj£l LS £uLa JiJ^\ jjjjjll 4-aJajl JJJJU Ajjjtfl j-a JJj£ (^1 AjUuilL .(JJJ^- 
jj-afej c.La]l £JJJJ 4-aJaj! (J _k- JaaS jLojoVIj 4jjliLa djlSJl(uJI j sUaJI 4jIa^ ^ 
Ifci jj>jj V ^1 4_ir6U (jjl j^JI aUa t^W^ ^^Vl "j^JI (jj .(jjljaJI (> jll 

. 140 kPa lil 20 psi * jjS jjjl. Jai^Ja Ca^j (32 1/s) 500 gpm j* ApJ3 ^Uaj 

(jo Uj-ill 4_ia£Jlj t jjjjLaua alj-a ^^-ajJaji. (ji-JJ jo ^cjUII L-lLuuiVI IjA (J^-a^J 
jli tliA ^jVI iaJI SjLjjll j .Aal&Ujj (JjljaJ jUkV <*j!l!l elall 

ljUu*£)U U*il j Ijjjai jjlwj JSO —II u^jIu Jl btnJ l-> NFF 

^Jaaua jj£j (jl ^J>JJ c£jJI ^ > ^Vl t_lljja»jVI (jj . (jjjljajl jLo^V i— l jll-ioll 

—II jj -(220 1/s) c3500 jA ^jI jaJI ^ jj jj Ai>b ^k. Sjii CjUjjjJI 

djUU^all ^j* (Guide for Determination of Needed Fire Flow 1 ) —1 laij NFF 

dibb jll Ajk-la j 4^aj3 jj ( " n-s j . AjfLuLa jj jl dlbljjj ojjjo JJC- ^jjjl f ' <3J L5"^ 
4jvLouJ JauabaJI ^Lail JJj-^JjI jIjLs jjjj j2 (^jLJI jnU <\\l jli csj£jx ilUc. j3 
j3 jj jli .%100 aU^»al Ja> ^j cdlblij 4-aiijL sjjj-a AjjjVI Ut^ UJ^ 

^>j!ill «.La]l LjLbuajl ^lllLaL (JJja> oUo t_jbjuaj| ^j Ajs-U. j-a Ua c%100 -Ij^aj 

.(32 1/s) 500 gpm £lUll fJ i. >JI ^jjI joi^ oil JjU Ajlj liU^a Cjbbjil 

gpm (^j 150 gpm Jlj>-a cs^ Laj-aC dlbbjll L-lUjouVI dlUliala £jii 

;i;jjjJI f Lkj ^jjJj cjlJi^VI AjLli ^ Ljj (100 1/s ^j 10 1/s) 1600 
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(JJ-atj LllV^*-a j (j^ajij fXx}\ jSI t Lllj^ajll JJ-lSj ^jij jaJ dsl jbucV J 
dlij ^1 jliifcVU ikb V ISO ^Ulj?.] jla t^J^ 1 gr* <j$ J 3 ^ 

(jjaL^I J jjfL .(220 1/s) 3500 gpm £y* l^J 3 - "W 4 S-'W"' ' .'^'l) 

Ig-iSAa <_^a ^lol NFF <— j <U j j«-a Clll^lLax J J^-J ( . * _»^_>a (_£.ilill 

jl tAjfLijLa jJjl CjI jl ' 'J^jT' ^JC- <^^J < 1 _a!2a<all (j3l^a SI alia < ll Luul (j*-"ja-v**< 

SXaJI 

3 j 2500 gpm £kj ls-^ ^ Cpz-\+» *L«JI ^jLiuuV 4jj1LuJ SiaJI 
diljjS-ail (JkjJajj .3500 gpm j 3000 gpm oj-ia <jjj^ S-'W^^ CjIcLj 

^^gic aj-iall (jjl^aJI alia 1 ■ iLjjudl 4jS jjj cAjlfc -laJ*J C5^^° f^ 3 -^ AjjoiLulVl 

Ifrfc jt> <n} "ajjla t4iUal] j A> ^>oj t4 SI t a A Jaa oj t4jaUJj jjg aJ Ja jlrs j t<a^a 
(Jjl jaJI all* Ljlbaijl 4iUia] "aJlxS aUall ^^Vl ^_-a jJI JoxaII jxatj (j* 

2 jl 3 '5 (jj^j ^1 44lLaj]| SoaII 11a J!>U. j ^ tdli j oil* *\\ a-iall 

jU. ^Uajll plL £§ jlaJI t>j^ J ' jLjJC-VI JJ3 ^Llajll Cjlj^Lal Uij ^jJ 

2uLu^]l JLa^V fjSUlj ^u^J 
LxJaJI 

CLlLkliuJaJ £c-<UiU l_al£ .la. Jlc £jjjjSI fUaj Sail » all jj^J 0' ( T 1 ?^ 

'<-»■■■■ .(JjljaJI CAA j3 (j-a <_il£ L-lLjoul (j-r^ Jj» elUaVI Ojbj 

CjIj jSa jjLaal CJa. j-a ali-a Sail 1 >i J yz. j (j3l jaJI dilAjS qa (jjl jaJI oUxs ujUjouI 
^fLaS! laa . aSI ISO SI Jiao .mm aSI p j^J± ^ j (JjljaJI <A j3 ^ liSK'KVI 

^UiiSI s,l^ JakiS J3I jaJI aUa ^Lu^l J^U (140 kPa) 20 Psi ^Vl 

.^Lail 
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^jiall Aic- CjlkjJaxJl 4ic.laJI till j Jail jUuc.1 (^iifJ 'ts^-a 

iQjjstuel\ £-a JaLujVLj t^CjJall tllljjii (jjSj jl 1 ■ laJ .4jjl& (J^ r - u U JajijJa (_£jl 
aLw e_iLu*jl AjI] liLja-a ls >^N\ (^a jJI ^IjiluiVI (_T^«-a Jc 3 M a all 

t_ijlkJ! ^aVl (jSljaJl 

*Lut ^ (140 kPa) 20 Psi ^ jlkoll U , nil Jic tLlS jjI jaJ aUa sjU^I 

.AjjlluJI SUI 

lilliSj £jjjjll j»Uaj ^ ^cjJall tll"Vj«-a £-a Jjlaall jjji-all ^ ikj * in La IjJJ^ 
4juo£l jli c jjja-all eLall ^>7> -s ^a.jlj Jj Ijiajj . JjjI^pJI A^alfLal c.Lall (j^al^l 
jjjaijj .(jj| jaJI <ail£al kaXlt jilaj tlfcjlc. -LaLvJI AjjLu&VI <la jjll Lujll pLall 
(J^La. c.Lall £3J Jja-a L_lLuaa. ^jjjjlJoII j^ 4 jj^a»all j^s JjjI^aJI ( . iLluij l 

j£aJ V tojJjS jjja-all <J A^Alall elall llul£ jl <_sla.j .aJJa-a bjj3 

LxjJall jLaJ V j c^joUJjll t-AtiUVI J*j 3J jAa. jjUj JjI jaJI <A j3 ^11 ljLujo&U 

.(140 kPa) 20 Psi jc JSj J *U1I (J^aoJ <Laj Jic t5 SiUI 

ttlUjJax ^IjiuJ jjJ eUall <j3 ^Jj ^jll 312ill ^Uai jl j-a ^C-jlLj 
■^iKiiiiill ^LjJall 4 flh'il jl V] '4jj3, J^J^ ijj^ ^P-^ L>° 3jISj3I ^>laj ^^?-J j}- 4 1 . ' " a 
V tl ijaj |ja. 4_illc. 4^.jJ Jl jjiaJ jl j^-aJ ^gJtfij La£ 1 $jlc SaSl a ^\l j Ota. (JfL2u 
J j .^JalL el iilll lillj j AlLajlU b\ ji-all 4-aJijVI j jjJ JJ^ajll jS-aJ 

.fej ^LUil i.nnm V liiiau ^Uiill ^ ^Uj^L ^1 
Ljjl jaJI aUa LjUoijl Jaj 3ilcJ i^jiJl olj ^1 J Jj^-a £^^>j jl la jixiJI 
jJaaJ A-^Wr (llLllaj ^LjJall Clll Saa o Jl *.Lj^£JI jj-atj I ■ Lajj .Ajjlixall 

. joalia-a jaAlajl j-aj jjl> «aiLa 
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Jal .(jjlj^il jrLf^-W 'ijulJ t^jjUll <^>h\ CjlAa& iajij jl 

j<s ^jjj] ("ilj\<\*\l J^J-«J n\\ dlllxa-aj t^tjJall i " ll )->^ a CLloaj si 

4jjLa djLaii. (jxohl «.liiaVI Sjb] oaC-Lou*] <_jUall Cli=kJ jJall ^£1 jJaJ 4-a£U 

j\ *u&\ ^ /^jJi fi^^u ^^j^Sm '^Jb mji Mj*»a 

JUaC-l ^1 j! C_L/L-aj]l jclli jl ^>jo£ 4j CJLb alj j1 j£^U ^ill J£>^ 

jjjl^m j* iAjLW Ajuajjll t-JJjtiVl JjaLu jl£ jj Cjj^Jjuj j1 

.^jj^aVi Js jJ Jj*a1I ^l^ilml jrLu=vl jJ«>fa Ail^aj t^U 
j Ja Jai.J jjg ">"^ (1)^ J^ J ^*JJjll ( -r J ^j' (j' ' . '">J 

4ik* jjS J j (910 m) 3000 ft J ja. ^4X0 ^Liljj ^LLill J*l£ jjc ajj5151I 

.la jJaaJ jlfJaall Joaj jj 4j3 jj j] j JjLuaII ^aC. jJI jwljJ 4ja jj^jL 

jx 4ilj-a jj£i jl (_5*fb AjjSjol s.loa.V j-«JJ cs^^J * JJ* ' a ^"J^J ^JJJ^ 

^jjjjJall jx jjSj Ujjc-j .(150 mm) 6 in. jc U jiaa JL V Itu j i-jjjU! 
Ujj t-iubl ^hVi.wl (-j^j Ajla t(180 m) 600 in. jjUjj SjjjS J jLl ^Vunl 
in. Ujiaa l-jojIjI AjjjaJI d^Lijyi J ^V'u.n .(200 mm) 8 in. UjLa AjJalila 
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^jl jj^JI ^ jjj i . n>.n jl _jj_yJball ^IjjI ^ ds3j]| (j^> tjm «\ ojjal Ajjjoi 

*La>Vl jJaal! OjSj . Jal ji in 6. aj^a Oti J\ s^L&U 

12 in. £>^>Iaa I^CjIjjj l\S±a\ LS Ic. ^gjLJajC. Jai. £-a 8 in. ^joUJj]I Jaii] 4jjl^jJI 
jajlaijl J£ ^ij 4joUJjll l$£- jl_^j ^ JJ^I 'Wuj -2a jiai. ^Vlni'l jl (300 mm) 

J^J ^ ' - ■ '^C- jj- 9 CLiLal <\ i ^ L_sl£ JOaj £jjjjll ^»Uaj -ijjj 

(150 m) 500 ft J t^ySSi 5^ jll ^UVI <> i> ^ ^ j^VI 

^Wu J ^UVl t> (240 m) 800 ft j ^\ J *U^Vl ^ ^bVl <> 

jjSjj .s-laLVI fijI^V 4. j.nl m CLil^cLmj ^il jaj JjjIjaJI CLiU j3 i_ iSjj 

^jj c(180 m) 600 ft V^uill ^liall l^iii L> SjIc 4_ikaJI 4°L*d\ 
(91 m) 300 ft Lie jj£ aJI J! *LJtfl j c(240 m) 800 ft J\ ^>ai 
t53l jaJI CjU jil ^UjUJI ^Sl jj j .(150 m) ft 500 cUy ^»ai ^jj 

ft (jAjJa (JJJ^ <A ja ISO — SI iaL tAla-a £2 ja ^ NEF fJji&l J .SJ jAuwJI 
jl^a. <LLJ jJ ^ jiajiJI A* lJ^j dlttU j jflll I jLucI (300 m) 1000 

j-all ^ IjLucI ^jujlia 300 ft (jA^a Ajtil J (JJja. 4j5i j3 J£3 (j^aLaaJ .^.lilaVI 

600 ft j 301 ft 4jJI jll cjU jallj c(63 1/s) 1000 gpm eL^al \Jxu 

\ J jL. 1000 ft j 601 ft 0^ ^ jll CjU t (42 1/s) 670 gpm aU^al I 

.(16 1/s) gpm 250 250 *l^>ai 
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alia, (j^a^ai-Aj ISO — SI ^cajuoJ .(j2uj 2.50 <j& JL V j jt , > <-> J^aij ^»jla ja £ jaus 
J I JaVl (jlc ^U^Ja .ialj £ jIaj j^a-a L3iJ* L>° gpm 1000 LS ^-Sl\ 

t>> 500 gpm j t^UuJa Jjaj jjOi ^jia jio jU^lij J&1 J jja ji^u 750 gpm 

.^jJajaJ .ialj <T J±-a 

1-6 Jli» 

150 ft "Ujla j 100 ft <UJajC. (_£jlc ^n^'i (jLll ClllaLLa <LaJUua ( _ s -ifa 

AjjIiiJI j| _^a3I 2_u3 cijaa. <s.Uj Oajj .12 ft Aclijjl Oal j (jAla (j* 

(100 ft) jjjUJ! Ijh*. Ji^ . JjjI 100 ft x 100 ft al*J tdjLL^I j 

.(^ jjia JL^ul) (jljlOU aLIS i jm (>> U jjI tij=^ lhJ^I ^ >35 ft .icbdj 
. j^VI *Udl a^Ij tSllj lu JS1 NEF <.i..r>l 

J*JI 

^liVimU .(^jUJI ^.Lliil 1.0 aj^a F uW^VI cjlSLLa <=JU* ^n*! 

JaUuaII uj%" j (3A» t> uj^ 4 j 100 ft x 150 ft aijJ 1-6 aJjUJI 

C t = 18 x 1.0(100 ftx 150 ft) ° 5 = 2200 gpm 

.1 aj-iS Oj JUujI (JaUJ 3 ^Jl' aij i Sj'^^ tjLJSfl <— ll 3J uj <sJIxa (jl 
djUaa 4 Aaall t> ^lis t4^J jaII lSJ^' jl-i=J j) 

^lisjl - J jia j] .35 ft £-ii3 <al jaJI jl^aJI lOA AiLowJI j (Iluui JJC. 

j£ ^Lu tjjj j±= jjc. 100 ft Aa\ jA\ lSJ^\ dUJl .iiUll (Jjliall jlAaJI 

.0.13 l5 X,- ^al jB lW*J t2-6 J j^?JI <> j .300 ft 2 l*L» 
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Jj^sJ 3-6 aLU-oII .0.10 jU^u 35 ft 4iLu^ ^ 

(X + PJi = 1.0 + (0.13 + 0.10) = 1.23 

: jA <_l jlkJI (jjl jaJI oLa jl A»j 4-6 ^UaH »j 

NEF = 2200 gpm x 1 .00 x 1 .23 = 2700 gpm 
NEF = 2500 gpm (500 gpm tjjtf J\ UjL> ) 

.2 hr ^1 jaJI £>Ua (-iLuuiV <A_pUI s^all j] 

Uj^a F JaUa jj CjULjaIIj AjjliiJl A jA\ ^ul jjLxaII ^j->^\I «-Uj1I j) 

JaJ qaj 1-6 4JjIxa1I ^.iklaLj .Jjljla^U JjIS jjc. 4 <J3 iJJ^- 0.8 

: JaUaSI uj%^ 4 *.Lbll <js (>> 100 ft x 100 ft (jjjl jla £££ <> 
Q = 18 x 0.8 (10000 ft 2 + 2 x 5000 ft 2 )°' 5 = 2040 gpm 

O. JUujj] (JaUj 3 A^j^li (j-a ^gjtai^ajV ' in><*n dlUIa^all j elixll £JJ ql 

.1.00 a jjS 

£a 2 Ajill (JA eljj c<?J jaII fUAj-ojll (jjLucVI ftUjU Jjlxll Jj^all j] 

- JjJa gj .35 ft (jifj AaI jaII I^A j^lj 4iLu4All j 4<AAa-a JJC. dlU^a 

ft 2 ^Luoa .JaJ j JjUa jjc 100 ft <=J jaII ft lull JjUuII JjaJI ^UjJ 

t> j .0.10 (5 jU-j Xj jll J-Ul <aJ t*^ J*^j '2-6 J jA=Jl t> j .300 
^^Jb Jj^l JAa ^ jjia ftUJ Pi JLajVI JaUI 4-<ua ^^Jc. Jj^»^i t3-6 J j^?Ji 
: t5 lc. Jj-aaJ 3-6 aLUaJI flaiiaAjj .0.10 ij jU-j 35 ft <aLuoA 
(X + P)i = 1.0 + (0.10 + 0.10)= 1.20 

:^ic. J^aaJ 4-6 aJjIxaII f \ iV^.Lj 
NEF = 2040 x 1 x 1.20 = 2450 gpm 
NEF = 2500 gpm (250 gpm ^ J\ J& LjLa) 

.2 hr ipi jaJI filoA ejU-ojV 4-«_pUI SoaII (j] 
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2-6 Jti* 

2250 ) 75 x 30 ft i*L f*k. J jVl £11*11 ^ ^ jj Jiyi 

t^jljaJ c^J*^ J*- 8 lP^I (3jU=JI ^JjL .iaj ^gic. ■ia.jj .(ft 2 

.SjjUJ! A^VI ^ iiAfrJ j ^ jtuU .(900 ft 2 ) 30 ft x 30 ft i«L 

Lai .(jjajlW 240 ft = 2 x 120 :^UjjI - J jla ^Lia ^Jbj .4_i*a-a <Uj£ djUaL 
■ a*IaJI AjUp 12 ft AiLowuj 28 ft lpj^ B *Lu AjjO 5^.1 jll 

56 ft = 2 x 28 :^L£3jl — JjL ^UL jjLUaj jl j^a. ^ *Lull J^Sl 

jaJI (j^aj*]| JJC. £jj <Ja*a — ^xla-all ^ijnH NEF l— botsJ .(jjLUal 

JjjUaB A( <lclill <La.LawJI ^ jL*j j .1.5 (jjf*^ F jUjjj 

2700 ft 2 = 450 + 2250 JjUJI %50 *iLJal ^ jVl 

C. = 18 x 1.5(2700) 250 = 1400 gpm 

A ;K\I <La.LauJI (j-a %25 (j-a JJal (jjl_}aJI LS^ O^J"-^ £^ ci^- 0 U^ 3 ^ 

AjjUI awJI = [900/(2250 + 900)] xlOO = 28.6 

.1.15 = O. ^ J^sJ '1-6 Jj^aJI (> 
S"^*] 240 ft a j^a ^UjJ lW 3 lJ^V 1 1 AiLou, J>c A (S hJl 2-6 J j^l (> 

<£=Jj (j! .laj L-kajl 2~6 Jj^?JI i> J -0.14 Uji 4^=J j ^^Ic Jj-aaj Jjjl jla 

(jk. £l Si*J 240 ft a j^a ^l£J JjL cJ^Sf 12 ft a*j ^ B <^n*J 

. J-alxU 4-aJ ^^Jcl (_>a.Lua jA B (^jfall jjftj 1 " J '0.17 Uj^S 4^a.lj 

0.17 = X. 

t3-6 4j^U-all ^I.VVlnLj Pj = 0 jjS^oi JL^jjI J ja. j ^.io I jlajj 

(X + P)i= 1.0 + (0.17 = 0)= 1.17 
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:jjflijai 4-6 <U.iU-a]l J aJLaiLj 
NEF= 1400 x 1.15 x 1.17= 1889 gpm 
NEF = 2000 gpm (500 gpm <-j Ji JA LjL.) 

SjU-I 3-6 

(Jj-^aJ (jl (_HajVl ' " laJ i aaJlj ci^jll dAajJa dllfrl j3 yj aJja. j-all oLjaII j£-aJ 
(jj .1-6 (J^joJI ^ ^jJaj-a jA La£ jlj jia. JJC. ^jiaJI jlQ jjjlii^a 
4 <jjj]1 Jj3 j jj (_5^J <_S jl»Jl j»^a jJ^a eLoi^l ^ jJjl] AjoUJjJI dAjj£-a]l 

(_^j5l (J £-j-aJ LajjJ f.Luj£yi (Jja>.3j aL-ail ^-a*jjJ cs^-" 1 ^ lW-^ «"» J^JC'J 

oU-aJI i—lLoilj .^gJjaLi t_jjfj^ ^^ic <iLu&yt j-ajJa <al»-a Ajlij 4jijJa-aj .^-i^llj 





— *~Wm* c^ 1 e>*- 
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(Layne, Inc, formerly known as Layne- Western Company, Inc.) 
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jaaJI ^gi j JJ^^ tpl JJ-^ ji^JI Aijiaj a^lc. jbVl ja^. jajj 

jj jl ^glLoJI c-j^JL <aala ajljJ <*Ja3 ^loiajjjL joJI JaxJI ^JUjj ^jljj^ll 

t^)iaJI <UI (j<M >i ^)iaJI ^^>J dlaj ejlj.1 4kiu aJojuiI (Jj<>-^ m 

jiaJI CjUa JsUu) "fh .IqIjL jjUi ^lajjl ^1 jiaJ e_ujljl ^ijl ^ Vi. uj j 

(j-a ^jiaJI '-J^afjl jJt (J^-J^ 1 -r^-' "^j .el-all £-« ClnjjlLlJI ^.j -4 s ^-^ E 'j 
AJt> j3 jL J>J jac. (jjj^U-a olaoU J J*-}1 ^-SJjaJjll (j-ajJa J j3 jL jj 

C.ILL LJojI ji^JI (JjLoi ^jLj jiJ a jxs Ja. jll jl jjJ a-ilcj iJjS jiLJI dAia l$aa 
4iLjaj Igalc 4-ujjLaJ ^ill ^Jld JJ^J^JI Vr» » all JJC- lillj j 4-a.jjLa jjjl L_ul ja. 

<SI jV ( akj^l j jJ-llA t iihi'ii aUall AlaUJI Ajji^ill 4LL&1I J^oul ^^^j 

jlaill IgJ <-ruAi f 1 vl*..„h Jjjla jl.ia£ c.LudS'VI <-r£j^ - Jj^ ^ jJI -IjJjH 

J AjdlajoiVl a^jjill jji^J La^ic j AaaJajJI dllLiall (jJi^J (^ill diSjAll 

lilliA J*UJ 4jUj (jx %80 j %70 jJJ ajlc JUjill JjL £ jljt) 

(jjLiuJI jllI JLjiJI LaA Ajj^aJI jLjI ^ jLa ikjj jj JojI jiJI jlajLj (jUaAJ 
jj^jA 'a^liS (jjiaal 1 La <J£ jali <aj t^j^ilitAJ Jjj-all lil^pJlall (JL^)ieJI j 

.jlJI lI^-^ <_5^] (J- 4 ^ UJ"^ JJ^W ^ < ■ 'Sf?-- i J- tt j 
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j| jA JaJI 'yH^' J«>L>JI JaLoijl CjLp. ^a. Jj AiLjaj <JLj*]l 

■4 j^jM^jo lajl 1 1) jJ (jl£-all ^3 Jjjjj jj^a^pj ^ i n-i \\ £-"-<a J < . 1">J .Ajjj^aaJI a j uaa II 
jjLaJJ JL jill j c-Loi^VI (J J^- (jj&jl ^ <jjj£ ^^j^aaJI ' ■ ""'J t_fijjui . AjfLlI j jl 
(_jJjjj ( ^ nm"n La jj 1 117. <_JfLluj (j^>» 1 (jc- 1 g 11 1 afljl j CllLuaJI at 7* -si i— flj^ <i 
. |_Li Jl (_Uila^a 

(jS-aj tdiaill jl (jl iTn>ll j ^tjJall (Jla t Luc- ^^gjSiJ (J*^ J^ J^J 3 ^ f^! 

^LoiSVI (J<u Ua jjA j lj jju^3 lil^pjjj ^ jLa (JjV uHj ^^j'lKjfl (jl uij-N dll-laJ 

l_J _oojl -laj (illj j Jlj* (jl dlliaJ (j£-aJ . (J^l Ljlilc-li (jj JJC. 4(jLjia» dll.la.V 

.Ja jijJax #.1 jA £tjJa ^sj (j-aj <_JL^)iJI ^)JC. ^Lall ' . la ui (_g jOj n<a <jj^ La £■! jA 

C.Lall AjjLja JLjiJI (j-ajJa «.JaJU <jl jj-ilb obi ^> jSia A£.^JI Jlc. Cliajll J Lai 
^ 1^ , ^J| aLx-all Aj-aL^JI A-WJjlall <A > al l AlifLiaull ^JJ JaJ < 1^ • 1 gjl a>j3 ^)!^' 
a^Ljj Jjj t ji=Jl Ajjjlj AAJOjS AjjfLiull J La^Jj^. J<\"i^j .il-Wil jl jjii J 
j jl jj Jaia. Jj j c liLiiJL Ajaaa-aJI 4-MuJaJI Aj j-n . ^>ll dl^ jSjujjII Aj j jii j A^aLaba 
JL_all JJjlall j . J-ajl! L>a A.JU. jOij liuaJ oLaII AlaLaJI Cj!l£Jlill jljiiJ j 
. J jaJ oLa Ajc jj Jc. J _aj^iaJI j jlJI J c-Lall JajJA Jalaj jA jjjiaall Ijl^J 

AjuLj Ajjjj A^jJa-a ^ (Ja.1 jaII 'oJ^»la Aal jSLiJI Ajliull A-\.^iflll (jl 
a'±A AjujVl aIjLjVI CLlLi'jS-allj .1~6 J^ll J A.^.^^a ^Jkj t^l^laiVl 
(jjj La Jj j_&A3t-a jl <_HajV! (_g j"b Jc t_l£j<a ^llj lil^a-a ^6> AiuJa-aJI 

t^lill cLall L-la^ in oijU Clilclij jc. isjLc. ^JaJI Clil^a-jj .ijmh <-_l 

C.Lo]| (__ljjoiLa diaj (jjjjjA«-a (jijli.j-a jl Ali.j-a (_Liao JjSLj J j-a& Jc AajLa j 

.^rJI #.Lui^l (j-ajJa 
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3 r>hn,ti >Lla}\ JaLL> 4-6 

. <_1^-La 4_uj ^)3jJ (^L 4 *J^^ L>* t ; lliaJJ 



. jja } u& j\ t jl l-i j»Uxa. JjS'J Cfi-J djULjaaaJI j 




(j<a£jj L&lu Jiljfl f UJ1 uUuiib ^ty u 5 ia. jlia <L*Iuiaj VcC »iSl" JbjC jj ^Ijlxuii Jfia :2-6 Jii 
jjC t-iUutib i.nnin JUjill <j«ai2 yi J^*>»1! J jJ j^JI (i^ i-jW* - ^' Jj 3 - 4 c)! Jj^J 

JauaJi ^Hc ft ^lija (.jSj jiiu-iu y^jUJi (_uUit ^ ^LksJi ^iji IaX& . jbjiii 4aL*. j*is 
(Johnson Screens, Inc. A :<> Siat>») iSia 4iUaj J>uajJI Jai <> ^jLiJI Jilifl <> i ijfrnlU 



Weatherford Company) 
^?J^ Jj* fkljjj (jjj'jS <*aJ Ulic ^gAJij iei^-a ^Lsjuj ^Ijjl Jja.j 

(JUjC. A^Luaaj ^jjLjjjS ^t^aujoil jA (J(g Lajl (jc- lilLajaiVI .iljtjV La.Lajj V 

4 -s jq i r\ (jx 4jjfL« (JjjI^c. i_u£jj <_J^1<JI .a la o J ^J 3 ^ ^ C- J > ja 4j 4^1*3 

a jUal j^ic <ila AjJ jSLi jl <1jU 
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4(_J£ji3l jJauail Vee lillui (JL^c. 2-6 cJfLill ^jJajj .^jfLplfLjx a 

tig-La Jjjl ^»£ljla ^»Uxa. ^1 jjli 4*1 jA ^U^jl j»Uajj t tlVu «Ljjj|.i]| (Jjjl^>iJI (jl 

. j-Il^xaII £>Lia ( _ 5 iu jjjj 
aUa J 4-^JlaJI *lall L-luila Oli 4-ulaJI CjliljaJ j CjljJ=>JI jrLtxJ 

C-laailj eJJlxLa (jLafrl ^^ic. Cjlaua -i_^>J ^ajaUj .^l^)jl (j-astll £-a IgJjSjJ J;1*JJ 

fljj^jl ^jaJaxJI AlAA\ (jj£j Villas .^LkJ qa CAj <Axiia J£)I\ 

(jja. tt_llLaJalS JJJC- J-aj] 'j,)* -0 ' *J ' — ^ (J"-^ lD^- eLall ojjJai-a 

' _ '"'1 7- (j-aj . (jJgJjS 4jaj|jj -■» Lj ' ■ iIlujJ La t—ll^all ^jj-^ ui£^ft (j-a AjJLk AiLLaaJI eLall 
JjJaSl (j* SjJjLva .IjlaJI pUaC. dlau ^^31 oLiaII (jj£j (_T>Li. 

^UaaJI j lllaJI (j>a IgjjfLj JlLaJ oj_4AXa]I ' " ll aJialt (j] LaS .eLaJI tlll-tf"- jj 

ijljJ^JI eLul ^ CjIjjjjjjIIj 4j%}-n»i tllau t-lljLu dilaa j] Ja] -g^Uall 

^UILjj 4<JjC-^a JJC. ^UJI sLba (J«-H La 4<JjLa]l CjUl jaJI (j-ajJa ^JJjll ^ t ^aJajoJI 
djLajjjoiA jliiklj ^lijjlj ^il j-a (jj .eLa]l <J j^^l -Llllc. 1— ll aJlij -^J^J J «a8J 

^jl t . laJ LijjZkJ 1 ui <n jjli lillil .«.LaJI ^ n n-s (j-ajL^xk (jjfr s.Lb ^JJ (jl ( ■ lxj t"il Vigil 
4«.LaJI dlljlijj t(_5jl^JI (^ILiill JJ^AJ L_ S^J - J a ■ aJ ^\ (^AjoiJ 

.(_J^kl (_Lil_4C.j 44j_aC.^-all JJC. <3jJ^/l Jajjjij 4 dlljjjai^)]! CllLtjJajJ j 

tliljLull jlilcVL ikVl ^iL j^j(> <HJ&\ ciAb^l ^Sl ja Jiai Ji 

AjAjIsJI (Jj£JI j t4^.^Lall Cll!_ai3 ^3 _a-oj toLilLaJI 4-o!>Lui (jl (j^-<U j^jjJI 4jjL<JI 

jli tilli ^1 AiLJal ,<Lu^aJI cjULJaaall j c^Aajll jaJI JLiu j Aaatyi 

.LJojI <i\l ^ Saa o j ^cjJall 4 Saai ^ qC ^Lall ^*Jj ^Lall 'Lic.jj dlljliicl 
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flkaJI ^lljV iulj <_Lia£ 4j] £a £jJ> <>vl» ^jU JbjC (<_i) .(<j"J-^) ^IjUill (_ixuj <jXjA 



(US Filter, Envirex Products :<> 4Sa!>») JUjiJI £Uaa 

.AjiLLill JaIlJ ^ Six. aLuiIuwJI <Lj*JI dil ji ^1 jjl 3-6 js ki 

3 in. j 1 (j£ ^ j'j^ CjIajAj «UljaLi Ajj^/ji ^jLuJaa ji tjj^i. JIjjc- ^ laj » jj 

LjaJ JLjill liA Jjj JSI .OJJJ^II fLu&S\ Ar.fu^ lAA jSLi 4jui , >i jj 

jL^bVlj CjUUill jljj ji .^1 JLJI fUaaJ <J!jV CjUijJ] U.nU) 

l ; llWn JS .oil* (jiUij aJojujI jJ J U \l (Jl JJ * - l£ jl*JI t—DUJI ^gjljj^all 
^UaaJI JlSSjl J>JJ .JjiaJI (J^J cJjlijl SjljaJI ^l^iiuil ^aS/l 

^Jj jAj^x<JI (j^ j»LiJI oUaII (JSaS ^jjll )-ij>in\l dsLauJax CjI La ^ £Jj 
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.l$-La (_l^)a]lj jl ^La U^J^- ts ^Jaa-all Cj_aA»-a <_J^_Loi jl 

^jJaJ Ajoiflj ^Ij^ll ^gJaLill iai. (j-a eLall <_J^j t " ll i ^> <i £-"-<a JJ La Ldlc- 

jl 4(_J^j-all (Jjljl^C- ' ^ij ' ^ ■ j^sj i^ja j-aj ^cjJa 4 l-i". <i (jj^jj . iJjjI ^)*JI 

tAial^a tlllSja-o j c^cjJa aljl j t£ jJalLi t . > nil <-Jjjil ^.aLp 

tLjjJj <Jaa-a]| Qnt'r-i ^">"lll (jli .^jiLaj A j c<_uAjl 4iLujj t dlLal a > j 

(jplc-lj ^J3j c^cj^all dll^jua #.liLjj (JjriTn ^^j'^Kj^ i_Lilc- (jl lAAic ^ir j'n 

^tjJa t " )1 l-i". a *l_>^yi (j-^! 'LS^)^ ^fLaj a <L)3l^a j t CllLal ,n > sy\) 

^fLaull (j^-aJ jl 4<Uaa-a]l ^ s^j^j-a 4jj£^a ^fLaj (J^li. (j-a AjfLpLa jjj! 

djU.liii.l£ 4ioLjaA dl! jj j <LlJ l— lUu^a JjjjS ^JJ .4jaJU-aJI A Lta a .laJ (j& 
AojIjj ^^yL^aVi J AiLtL^al! iJLa&l (_£>Li. oIaaIIj J <U i i i ^ jjg (jLajJa] AjjjjjJa 

4A«ljO<all Jjt *nll <aJ^>ia j (AjjILaII diLkjJaAll .lie. j tAjJJ oLaJI £3j i—ikjjj 

.(4-6 (J&£>) AjJ jsUi 4jlaj <iuJax 

Cltaj aC'la^J cJ^*^ ' " 'J"* j <^"^-9 A^jJa-all jj^> <\\ Lijlj-a (JjLuJI I — iL n'u 

(jjj 't^J^' <la.^a]| cjjjju^aj pLall J-iUu LaIL^. j .Ja,lj* ^jic sJja._a-a 

J£ Oijj .4ia^UI ^JaSI JJC. jaall li* ^ic. ^lljj i<xfu\\ a!*.jA\ 

(JjV nn jC- i jj-a La j . I . lUmjV I jail i >i j <J^*-a jj^ <_J^.I ^)a3I (_ja 4i^.^a 

djl&liJI jj^j duaj CjjSj J IgJ jjjj IjJaj tAjliill djU^aJI ^MaV ^kjJa* 

• C'LaHj 0j_aA3ua 
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(Allis-Chalmers Corp :<> 4ia!>») 42jaLi AjIujjj kLJ^ :4-6 <J£*2; 



fcrtjjlAl 5-6 
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<ul)Jj 4-^^)1 ^ (3* J 'J (AjAxJ Ajila. ^iC La ^ e Li-all AjoUJ^)!! ^LiawVI 

(jj jj^aS-a j^aJI (Jau jia jjJaa* .Xa (JLiaSJ j . I i5 ,n (illi jl£ jj ■<W jJ j-a 4jjL Jjj 
^jJajC. (_U^3j ^ajj .^a^aJI JJJ^ .S^jila -lai. tix (^ic clIiLLu AjtjJaJU LagjJaa I jc 
JaaJI ^LuoSl (Jl j*j| ^ial ^\ At t-t L_u£jj £-a |_Lva 1 jjjjl ji« j.) ' J (Jj^" 1 "*^ 

Aili. Jj £jjjjll Ja jj Vt~» (_L^aj ^aJJ .Aj3 (_>»jjj ci^C- <— Jj-^a> (J-^ J cH^^I 
j n\-s <\\l jjLjllj JjjIjaJI c-UIaj |»^=vJ <_LA£ 1^;/^ -^-^ ^»Uaj JfL2ul cAajLl^i 

JjJaaVl S^J^ J* t(l5-6 J^l) <3-3 £clia j-all lilllall JUJlaJI ^Uaj jj 
<_L-o jj La£ <alao 4jjjLl!l j 4jjUjjill 4jol)Jj]I i—UjLsVl <_£ -^JJ '^LaJI £jjjjl 
(jS-aJ ( " 1 c.Lall jljJ-^J ^Lajojll j aJj^jowi CjLLgj J_a^j * . UaJ £-a t LwaaJ Lj > «a*^j 
La-li&j 4-Ujljl j-a lAL-a < i .n jl 4joUJ^)ll L-JjjLVI -l^-l j«a JjJjuo ^^)JaJ 

^■jLi. jj£ioi ( _ 5 a]l 4iiala]| j * ^"iVl (jl j£»J 4t_iulj^/l ASoA <L)Lu^a _^aVI ' . llWij 
(jjSj (jl tA* J'J . Lajloi dlLaLajb^all ^ jjj jl£ jj L>° a-^-lj *Uj£ 

1200 ft CjIcLLS Jj j^ajj Jll ^liiLa jj jVl (jpLc^M dLLu^ ^&Lu 

■ijc j .AjjbjJjll AjoujjII Ja jJaaJI qa I jLu&I tlilc jsull J£ ^ IjjjSJ (370 m) 
(JjJaijj jj-i <j« -^-1 J ^^>3J j-a j!i£l LiA jj^J jl (3* J*U ^ A^Auill ^Jalij 

lUIj (_JS ^ ajlc. <j^xa]| 4jolij^)]| Ja _aiaaJI J^Ii . CllLal > <-i dlli l^JS jj^J jl 

Juj .^ala-aJI aLao^l ^ ^jUi ^1 ^jIj J£ ^ j t^joij sUuVLj ^jLi (jj^ j 

t^jC-Lu^l j Ajjlaul! j AjLa-all CjU.Lla.!>U c-jUjouI jjLahl ^L?^Vl #.lal)l 

4jinll ^jl jjiJI ^3 (^jjj^l S-^tJ ^hal (jJtfjj V .(JjljaJI ftUa t_jLuiul ^JJ AiUial 

.(150 mm) 6 in. jc Uj-aU^.1 Jaj jl 
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Sjjiuw iLlilfL vjcj- JiiJ 5 (Lj) jjjji 



£jj .Ajjailla ilAIkj 4-kjjJ t*Uj j t^ajliSI ^oh'iVl Aauauuau "all La Ullfr j S^JaJ 
(Mjjojj^jJI a1_Lal\j jj^Ajll Jaj]aa» QAjJa 4jaUJ^)]l jl jjuiJI ^3 <JL^jl ojjlj J 

c^^liLaa .CiVlaJI <J£ ^ 13.)'^"^ o^" 1 <4jila. ^jjjJ s-yA^ ASjuij tAiLjji 

La J^a. 44JjU AjjJaA <_ilj]J ^^Jc 4jtl\ jll CjUlaJill ^ ^UjjVI (jjLu jjSj 

jjjLjj ^»Uaj > (jj^J (jl J • jS^I jl (jjVsimrt (jo^sUaj J _a^J < . ll3a.il 
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Ji** c_i jjh d^j (690-340 kPa) 100 psi J\ 50 psi jjj jVI ^ j±£ 

SJ J ^tiSj jjal ^il£a (340 kPa) 50 psi —1 U , hl\ jjLu j) j .tjUuiVI 
<Uasj ^Ic'l (joj t_jjcjJI ^-UjjVI (jjU jj£j J '(35 m) 115 ft 

(—UjUVi -la^jlxi. ^Ij3 JJ^JJ La I JJJ^ J .■"UusJI sj& jAjJa I jjj^aawa Ajaii jhq-'J j 
tljjibba VL^ajl A \ i aJ ^ jjc Igjj La] ^^Aj c^lijjVt ^jjlfA-a JjlalLa <La.Xij <Wujll 
.l$J AiaJJjAjl JajJaaJI ^gi 4j£j-a Jaijuiallj ->£aJj CliLaUu^a LSj 2 ^ ^ W^ 1 ' 
lilluLa OJoa. ^»Uaj j^s AjjfLa Ajllala J£ ^ L-UjliS/l 4iLui jj^J <jj ^» Jlj cL^jj-aj j 
* ■ lilui l Lajl.1 (jjiaall j^-a-a JJC. (j^J .oJ^tLa Ajojjjj 4ju*J iajJak £-a 

Aju* j'u r\\ elslcjSJJ jg 7. <\ Jjia (J^JJJ ^^J" 1 lillj (JjJJj .AJjlj^ajSl 

Aljj^a L_UjljVi (j-a 4^ jui )->jVi 1 " ij". j tl g *nj 4jC j3 dllcjSJ £-a t<Lajlij IJjj 
. jjjj jll AjjxjII l_l jajLj (j ax A\ 1 g » jj 

<_s jjj| j-a (JJjj-a (—1 jjjl j-a <La.iaJI ^ A&jjJa 4ji.jj<ajJI (Jjl JjA-aj]! l—kJuj 

jijj (Turnoff Valve) <JpLc) ^Lu-a ^1 (Distribution Main) jjjjj jll jj jjjJI 
i-jjjjVIj Ilk -(16-6 JLill) jjWI <-ij*&1 i> jalL 

<ULi.jj ^>jjj t(Corporation Stop) 4joujija1I jlala aJojJjj La_^ac jjijjjII 
^a (_pjjjjll i_i_jjuVi (jj^J 1 " U"* i ^-^^ 4-1^ ^ 

J»JJ .4_u£jj f.Ljjl ^ lilljj tjjJJjjl <_Jjj£iU (Outlets) £jt=-a jJ-alj ^>JJ IjU^I J 
j»Laj^all j-a iLaJ (Service BOX) 3j Vu f-i JJC 4^jl£ll ^Jalall J jj^a jll 

Jjc (Corporation Stop) CjX^ j ^l^a ^ ^. vViun .j^ jVl ^Jaw ^J] 

(jl j-a ^CjJLj .C-L^all Jjaa^J (jalaaJI J 4 lilnjaLiljJI tlcjjjj IAjj^I cjIjaII 
A^sLji\ iAfn>^LA\ S-yjljl jl V) ic£ll3 ^ Aj>j ^ jjj*j jjoUill i-JJjli 
o^A ( ^ ljun (JLala.V AjjoiLaall (_jic jAl jll lIiS^II ^ J >>q"i tl ^ i nq'i 4-aj-aJall dll j j 
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<AA\ cjLuiJI <J l_u^J oj^JI f,yyi.Mj .diKb jl ljj^I 6 Ua cLjjlL sjj^S/I 
Jplc.yi <g j t^Lall ^lic (jjSj . jl 2 in. 1 $ *\ > ">l <_L^aj ojjj^II 
40 jjjjJall JU. (pressure regulator) laiuJal l ^Jiiaj ((shutoff valve) &\ jaII 

i_U^jJ ^JJ llltl.lUI .(^6-6 JSJill) jfwkll (J _ J JajSM (jjUall ^fl S-ilc. 

jl jl^3«JI (_^a^»JJ (JLaJJ lilli AjJjoij t^jxaJI ^J^*> C3J 1 * 1 ''' ?*> *Ia3I jljlC- 

^xj jc. CjLjjLL (25-4 L&SJI) 4jj-i=Jl dlbr^atlt tljJ^V -g^h jaxI] 

ajLj ijuiii ejJ^VI till jloJI ^ jiSM^LmVI Jj*-a jbjl Jal 

dinl j^Lall lil^lgioiVI (J^*- 4 • <^ulj til^ friml (J-iauaj c-l-a^ (Jl rt*,") > pi i " ll r£> jj 

(jli cjjjjalLj J_)lall ■^ij-li. ( ; i i*r- iS^)i u^^i « »1 jjlml j .15 gpm 

AjjIaJI ( " ll jjll (j-a jjg (Jji, uo3 ajlc LtuiLla j jSj i a 15 Psi oj-lii 1 La* > >i 

^UJI j* ^j^-JI gijll jjl>£ J (23 ft) 10 Psi -J I \li .AJjioJi 

25 Psi jA La J jjLJI jU»-a]l jli iUaJI &i\ jlall ^Jj g^jVi 

^ ,^',,,,^1 JtfUll (stop) <-iM ^Jc (0.95 1/s ci^l 170 kPa) 15 gpm <jJ 

o^jiai j 40 <U_ala ^ ml -\ ') L_l jjil j* UJ"^ Aaj^joi -LuLa <La.l=* ^gij 

(j-al jla ^hVluiV (illSia-Vi Jai (j J^j » »3 — in. 0^>iaa ls jl^3j3 jl^C j ^_ in. 

8 4 
25 Psi i>b AjJ I ili ^il j .19-5 Psi JM< (12~6 gpm) a^UI cjU£ Jill 
(280 kPa) 40 psi jll «-j j^Vl ^ Jai^l jjlj J ^Jbij <jli .^VmioU 

.Lujaj 
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£)J 6-6 

tj-llll JjJlaJI > '<~i\\ t " 1 Vi #.Lall £jjjJ ^ *La laJiuball L_uAj^l j-ajJaJJ 

Wi, »\\\ jUaaVl ojji^> UJ^ • jill j ijj^ J '<4£ jal ^M J 

<La laJj i n L_Ujt£/U ^gJtjjj . til ij i n^Ull j-a j' (J^laoH La] c4_}Jjlaj| Cll!>Lu^a jail 

(jjOJUiilla ^jjj j c.ljjjl S j3 : Aaltjll (j ajl > \l IgaS j3j2 (jl £j j (Jiill 4-aiajl ^ 
AilJaj Jj-aiaJI il6la ^11 CjUaJ jll t> ^jLill CjV ^aaJ JaVn ^ 

^jj^>]a Clilaj ^.iC j^s jl Ajbjjj ijlaJI JfLiu j-a 4auli3l ClASjaJ \ g 1 ^ Vi 

jjjIj <LajlLa ^ic. oj-jISj c4.iiaj.ill eLajl Ja jijja (J<\-\"il J^g iVnj o j3j 

ijjla JJC. (JjoLI Ji.ta ^cJsujj J 3 ■> \U a j Jij c.Ljj| ^ Ai-lL^al! CllV _a-aaj 

jjlla JJC. ^^a-jli. ^Jojoi j i^jfy] bfctia. ^Lall L_)Luujl <La jlLa (J*^ <J^^ 

4j^L^»jj Jhj^ 3 _> a3tJ (Ductile Iron) jj^JI jl iia. jJ ^al 

3—i tt i <La jlLa J.13 Jl 4iLjal 4 (Jjj^a jail (j^al JC. V 4j j 4j«jUuU j 

^a^a A^Sl JUJ j* <j.il]l Jj,jaJ gjjj -^J^ ^ J* 3 ^ J yr^"^ 

lIujjSJI j^a (j^aia-La (_g ^ Jc (_£jlajl -lj.iajl jjg i a /-3 ^jjjii»a]l j^a IgJ 
(_£ jSI i—UjUVI <j-a JaAllI li& (JLa jj .4-LmLu)) j jSjL i a Ajaolij <lajlje»a j jjiuijill j 
CllLujlLaJI i_J£j JjAaJI <-_Ujljl j3 JJJ .(_^jLaj]| ( ■ b AlA^ j-a 4jjj-a jii^l j (jlalj 

(j^l S/^la iaiuJa (1200 50 mm) 48 j 2 in. joj U jUaal ^ jl j] 

lillj LaJ t^uu^lj ^.l^t LiuJall ^Ic JaiuJaJI 4a3 jLjli.1 O^iu .aaja. J£ 

(jc <=oLill 4a^jUJI 4J jA^JI j 4 (Water Hammer) AjjLaJI AijiaJL ^LajJI 

(j^akil! (J^aJ J»JJ '(j^JJ^ (jc- A^Jilil! AaaLjaVi <-llV _4AaJlj t^AiaJI CllLi<aJj 
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^llVunl JJC. ^Lall <-_uiJ Jj Ajin'illj Sail i >y\\ aJ m » ^ dlUljaJ i'lliin'i ^al .(jLaVl 
(j^s j»cJL .I^jt'u^i^j l-UjLsVI <— il-lLvjl (_Jj3 (j-a Ac-jjlIoaII (J jl^aJlj t"il laJaa <\ll 
(Pitting) jia. JS.uiL Jfl *.U 4jjl j^C. jl Vj ij^ll ^jlLa j^llt OUaJI jl 

ojlc £jj .l_jja6U Ja>U ^JajJI (Tuberculation) jj-^J yr?-J^ gr* 
(Bitumastic Tar) j£t <-liaj j-a AaJaj i_ijjjVI > ^?-J^- 'M- 4 ^ 
JjJI t> ^V'u.n aKSM l_i jjJI Jj .(Spray Nozzles) il ij jUjj <kJ jj 

^JaLa < — fil jkli .AjjjII jc. t-JJjbVl Jj*Jj <t->JjL)V| Jaa. jjaiaj] <— alj jj£jj 

Jj iju ^ Jj^jlaJI ^JaLaJI Jaiu ^ JL^jVI ^Jaij jjS ^£11 £3j ul£L*a jl! 

j^s ^_ in. 4jjlao (J^JiJJ V (J-^J <-£^-* J <— Ijf6ll J=>W TcJajoJI 1. lU 1 .LjilfLa 

8 "* ' 

£c»a.J 4jllc- AcjjoiJ L_)jajVi JJJ-^ eLul J AjUaJI ai& £_Ja j ^jj ^"'"'""j Ja^La 
i—jijj j (J^aal <j^y ^ 1 - ■' -^P*^ ^iamj (j> aaL] <l^a jj Ja!iLall 
.i—ljjiSn jc. AjUaJI <J ■ r^iqj 
JaLajU (jJaxJI Uj 1 >i» Aj 1 1 8 ft ajlc Lj-ljla UJ-^J CS^' S- 1 ^-^ (-l^J (j^i 
<L^a j Lj-aJfll Lai t7~6 (J^^l J ^j^a_a-a Ic-jjlui lAjjSlj 4tlLyL*aj]l jx aJ-lxiLa 

J lj jihl AjjlauJI AjUplI JUJ ^jj tiip. 4 (Bell and Spigot) ai:uJ j <_>i£ll 

.^L^ajllS (StOp) AjJLa "ajLa <luJ jj fl£aL ^joJ jaJ L_l jljV 4juJ jll AjUjjJI 

(Compression Joint) AolaUuJajl £SX^>j 1^ Jj jjkill !1a jSJ 

j 4(Push-on or Slip Joint) aJV jjl J cjX^jj L^Jj jUy 
dijll J <iLal! ^jjj ch\<a£ J Lal^kiujl cjX-^ jll J&l ^ jJI 

J (SpigOt) (aJI^JI) 4iUJI SaiuJa ^JJ .(jAljll 

Ajala. a _ajia. l_iU n>nV 1 >^>j>^>-s Wi!a "a jai till j (Bell) jll AaaiJI 

.JkU SaijJaS I >^>ao LaSa^o X^i j j>^j (rubber ring Gasket) AJaLka 
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.(Special Restraining Gasket) <=J£ 




(j) .<j%jKw (ij) .(y2tf>1 ^Uu^l Ii^ (S) JjJaJ! uojU ij5U> jJ AxSU £l J\ :7-6 Jti 

(Clow Water System Co. :<> i»a!>») ifLi^l <i-ajll 1^ 
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auij .3i j^all j 4«.LJ jj-aa. ^ISaJj 
^jljli ^^ill l_ujLl>U 5 4aj <\ ' o <\\l dilc-LuiVI ^Ijj .^^cUtol ^ (Jflii (^jic 

* 16 j 4 in. oJj Ujlaa ^ jljL ^1 ljjjIiSU 4° {Au j cl2j 3 in. jjj U^JaS 
il£L-aj]| ^ laj i in .36 j 18 in. <jjj Ujlaa ^jIjjj ^1 ljjjUjLS 3 j 
J3LJ j^fcl (Stuffing Box) 

dj^L^ajlL AjjlLa UjLj (joul Uj^al laJL nl t j£J t£jjjjJI l_ujLiI 4iLuiil 4j^a ClL>L^ajj 

^iaj (Flanged Joints) o jjUll 4ilaJI dil i di!>L^a jll SjIc. ^^aJL in .Ajl-iU i >y'^\ 
^ UjIjjJ U>SUj] ^ (threading) (-^jj^) AjjWll 4iUJI ^ ^ jl ^ 

.(Bolting) ^Ijjj L^irujj U-a 1 <\g /q"n (jxsj 4ji.l <_s jjj^ sjjLJI AjU^II 
^ AaLkWl S-yjLlVl dKj>* ^ ojlc s jjLJI 4iUJI tllX^a j - vi-*...* 

.LlJ ja _j2 t ^*3L3ill Aj^jII eOA J& 4il_aVL> .(Water Plants) AjjU 

a ^Lau ^lai .(Special Installations Pipelines) 4^U. CjLuSjjI aiia-a 

L-tuLll ^gi ^> laOuij ^ji-I^JJ 4jfLa jac. 4-afLa-a L_l jjjl <L-a j 8-6 J€^J 

4 \ i j]| ojiA ^1^*1 ml (j£-ajj .^jjjilll 4-Ujljl i"iKvT, ^Uaj ^^Jjoball (JaIII .l;.laJI 

^ 4^uJaj-all (Bolted Mechanical Joint) 4jjLJ AjIuI^jJ I CjX^> jll jlfLa 
AjjIoiaII 4iUJI ^gJc. (Retainer Casing) £tjl£ ^Slt ^1; .(^7-6 l&^I) 

4_ilgj]| ^=Jj Ulia. i_uij7l ^aaJj Ok- j .IgJtS j-a JliaVI 4ila. ^jj^a]l ^ajj j 
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.(Clow Water System Co *is!>.) .in. 30j 6 

i—ujUVI jjLu V jll ^AaaJj <L^j jll jjjjjj^a (Deelction) 

J (Corrosion) JSMj AjJjaJ! <£ilS±A\ i^ujUVI t^jL^LlI 
j| j-aJL jl 4 (Electrolysis) ^Uj^ll JLull * .nnn (Deterioration) ls-^j^j 

JfLiu 4-aC.L Igjl ^jc X^aS t(Biological Activity) (S J^JI -LLiull jl t4^Luu£3l 
,-SK'..„N .tl L-UaLil £i^aJ >tJ jjVl U'ia. ^LaJI t-jUxujVI dlb jaa (_)»■> j La ^LuLujI 
d^L^ajll j ClsLu^jjll JjfLiu Laiu (Extrusion) (jL^ "r^ AjLc jjc. 

taa-V (Shaped) ^L^ij c-Las CjU. jlLoll ijp .(Injection molds) <ji». <-J jSj 

^ jj PVC 51 J -^ajaj jlaul (jlj J jj^a jll jLajJal -J?^"' dll <LJ jJ 
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tOjOaJI qa £■ yJa jj Jit <1 jj-a J-aU-a PVC U (j (>> fC-J^-Jj .^^1^31 i-li . J-lH 

ijA <*jUJI ^jLu^aAll S-yj^Vl ^U^i ^Ajj .JaijJall djLI jlajJaV 4-a jlia Ja1 ^tjlLlj 

.200 psi <150 1 100 U jjjs ^kb lai^b cjUa <> (100-300 mm) 12in. 4 
<ja\£ jii^ ^1 j 73.4°F U jJ 4jjU*-« S J jj*. 4j>jj tj& PVC <-j t ti.^j 




iifll >«) .AalaUu 5 yia. (> SjIau, -'»*■■■" ^ULiJlfl SjIauJ! jisfl Jxu <> PVC <i-a j :9-6 Jii 

(Certain-teed Products Corporation :<> 

<Lua Jj^sj ( _ s ia. Sail > <Ls jlLs (j aSt Vn 4jtijj-a ojl j^. j] j 

<jaUJjJI *Lall L-jjjljl Jj^a j] j .150°F Uji ojija. 4ja>J-i (>> t-JJ^Lf 4j>^ 

(jULjlj Xoj (Rubber Seal) A iU ka SjIjjuj ^Vinn 4 PVC SI ji^aJl 

jLi) ja&U (Belied End) SaJill AjI^II j (Recess) ^uj^l 

tLgjjS jj J^ou ^ (Beveled) l^iaU <JUIj l^ia. jS SjLJ 4jl$jJI jj (9-6 

.(Pressure-Tight) kiLJall j»j1£ « (JjUki! jj/Aj3 AjLLlxall 

ABS A-Jjiall JjJ-^» JjJI J CjljJ^ajll A .nh'll 4^a1-s"hiifl\l i-*U'u >u)lj3l (—Lljljl (j-tLkiaJJ 

• PVC II j '(jJjJj) c^J^I PE j t( jjjjluJIj idyjtjjJI t Jj jjjj jL jSI tliljjxjljj) 

— in. j> ujUjj tABS —II Sj^jLi J£l fU^Vl ^> j ljjL ja jjj 
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_J Jj a^AL J '6 in. J\ - 1> c jl jna PE _J ^1 A^ulb U d2 

aA^ ^ CjUjii* ABS —SI j PVC uj* J] > j^j • 16 j ^ in. j£ PVC 

^Ul gss Uiu .20-39 ft J jLL ^Ul J£J; J* L^l ^li t (Semirigid) 
PE —SI r ml .(500 - 100 ft) i> UJ> CJ I jl Cjlil Jl»i ^yic PE _J 

aSaui ^& AjjjjLJ ajy^aJ ABS M^A^ ^Vl'"' l-^JJ t4-a.IaJI Cj^Lu^ajJ ^ sjlc 
(jinq'nll j <— ajj. oaSI diLaJia dAjj£jj L_ajji-all sLlo j 4 4_raJajjJI oUaSI <— a Jj . ,-i « 

oVU»i-yi c-igbl olSfi ,( Vent Fittings) 

JjSuoSI o-jLoSI j (JLttj ii u lV lj fi>^»S\ IaJJ fiJC (JjjSaJ 4_jfLnjoL/LiSI t_iljljVI <Jj-*a j ^JJ 

(Screw- -Ljj!>la - ^ jj ljjUL IgJajjj ABS —II sjjjli J-^Jia -W 1 " 
I^Jojjj J ((solvent weld) <jji« sjUj I^Ajj iThreaded Couplings) 
UiUajlj ^JUjU PE —SI l^UI J^ji Uiu .(Slip Couplings) LaVjjl 
JajjSU J ^(Flaring) lj jjjVI ^ jL ^aJ ^Sa ^jl J ;(Insert Fittings) 
(Insert- jUaj^lj JU^yi aIjjL jl .(Compression Jointing) ^UuJajVI 
JaliLaj U^Sajjj jjjjjjS/l cPj^j <^^ J " i^ 3 Fitting) 

CjI joL PE t_j jjjt ^ jia <^ja jj jIai .(Outside Clamping) ^J^- 

Ja^ixk JaJj) L_l_jSjaiVI I^A ^.<u.iJ . L_JjjjVl o-jLa (JJjSjS ojljaJI (JLaxiail Al^aLi. 

^Jal Ja j (Conventional Curb) ajjjISjSI ^jI jSSI ajAli* lf>fui$A\ 
^L«Sl ^,iVu.n ^jif ^ijjia t*5UA j! Vj . (Corporation Stops) w^jail 
tuUlaLa (Internal O-Rings) Ajkb <jj^-<, ^jlji.j (Sleeves) 
jl pUII j^x^l 4jLUuJajl <L-a j JA^ <> jLo (Metal Stiffener) 

o^LaJ ^aiSI ^Uaj LahVu.ilj Ifr jA Ia J&f j PVC SI ^JJjLj! (jAaj (JjSa Samjl 

(Belied- s- 1 j^Vl ^ijj^ -SajjSI j t (Sol vent- Weld System) 
,^rt...N t .tl cjUjla J aaamlj LuLiajS PVC SI Jajj jLaj .End Coupling.) 
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'ojLaJ aaJJI 4_ijj£]| (_j jjj^/l AijjJa ^Vu.n J3 .Ajjlall SjLaJI ja-iL Aj-al jla 

ajI^jJI ^jSfl aJLJ ^ .(Rubber Gasket) 4JaLka 0 J ^ia 

(JSJdJ ^jiljll <— 1 Jfj^/I <— SjJa ^gJc. OJ _4i. j-all (jjl£JI j.ft»^a (J jVI L-ljjj^U Ajjlkjo-all 
4j|jJajoil :*.Lall » djl^jjal AljjIlJI L-UjUVI j«a JaLajl ^^ilLaij . Jluui 

(Prestressed ajjV ja <jl jkJ jj i$a>VI <(Steel Cylinder) *jiV ja 

(Noncylinder jI^VI jp j £tLu> ^1 jkJ^ j tWith Steel Cylinder) 
(Concrete Pipe) gjjjjJI MjjjVl .Reinforced, Not Prestressed) 

t_ujljVI j ^gic ^.IV'uhJj .AjaKj (j-sxkjjj 4-alSaJ sJuiuj <xl jjj 

f.\±^luLl <la t_)jsllj jl dlULaijyi £i j-a ^-i ^ii flj (jl j£-aJ (_^jJI OJJj£ 
4jljiajaiSfl lj jLj-aJVt (3^« JJC. jj .LaAjS JJ JJ3J 4jK all j| ^ollj 4jLa*JI 

P ^via ja ja (Nonprestressed Steel-Cylinder) jill 

(Cage of Steel c?iVja j-aiL JaU-a (Welded Steel Pipe) 

JSbll t> iV jill AjLa^j ui^ f j^j • OJfeAi Is^*- 0 J * Reinforcement) 
(Compressive JaU»;-riVI 4-a jl£a ojLj ^aLou L£ tLoJj LLklj UJa^ ja jjj 

^iVw.n .4ja>jUJI 1I1V j*aJI j* <^jUll Ja jijJall 4-a jlia j-a j£<aJ La Strength) 
Ja ji^Ja JU. ,J j .260 J 40 psi jJJ £ jl JJJ <jl=J J Ua jiuJa Ja=^1 LJJjLlVl oaA 

jill <il jJajuoVI jj t_j jjjSfl .iqj Ji (^uia Ajli t350 j 50 psi jjj ^ jl jjj 

jjjjjlj Ailx-a j3 4jl_aJajail (j/i Laj 4jjlLa si jj (Jj 2 ' ojjoilj-a lillui lJiL lillij Isjjuio 

p jaJI i-alij ^J j-aj .AjjVjS AjljJajjoL (Imbedded) jjojjx-a ^JJJJ ^Jjjj^ j-a jl 
^JjouJI ^jJJjJI L_ljjjVl ~ ''^"'"'J "*'*'"■■'] Ja!iLaJ jUj^.VI ^ 'ol jjJJ ( _^jLkll 

<j| jJajuo! jja.jj (Wire Fabric) ,,5^0, J (Steel Bars) aj^V ja jLu^i? 

.45 psi lS- 1 *^ ^ jiaikla JaijJa CliaJj <:LaJI Jaj ClUlJala ^ UjjjJ La jl j3 

LjJIjJal (jjLjj LaS .144j 16 in. jjj ^ j'jjj j^aLj ^I>.nall (jjlnll c_ujljl 

AjL^ajll j .16 '12 t8 ft Ic jJj^ <xl^aJI JljJaS/l oi* jjSlj UjUa& laS j 

(j!)lc.j Jk^alic. j 4_ljjJL-a dllalai ^-a 'sjljjuJI j ^^A ^ jJJJ L_l JfiS/ Ajjjjjdll 
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s 3^ (X-i^ajj .(Rubber Seal) aJbILJI otal.i*J l^a Lu (Sealing Element) 
J S jL (xijCj t>j c5 iV jill ^Jajoill 4^aJ jA Si JjuJI <akJ ,^-a.jlaJI jj.ia.VI Jc. 

l^jLaj oLloIJ 1 aaa a UC^lc-j 4-iLUa-all S jjuiaJI tj-ajJ S- 1 (/^V J^l (jataJI 4ila. 

l_y>\£S\ ^ It > n (jAJ Jill ,luU ^aJ .4 ^ AjJali-Jajl Jajjji J J j.la5U 

.43 jjj&all 4jj)V jill Alx^s j]l 0ja.j (_jA Jlj La£ iA'Sist)} 4jj>a .' S j uia J l_)jjuVI j 

<Ac <La jlLs (j tajl . ^ (Jiill Ja jjaa. J <*.iaujaudl AjjlV jill i—UjUVI 

jlia j 4 (Yield Withut Breaking) £-LLajl jjj <JSiU 4aLla j t(High Strength) 
Ajjj^jja ski ^L-ojjaJ AjISjJI LS iij j ^Resistance to Shock) cjU^al] 

iS **2 Luaj t (Paint Primer) <_>jjLJ jUj ^jLill ^jlai t bkjl l (j ft . ^n .Lua. 
ijJI ^u«j .(Wrapping) « — illl J) AiUiaj (Coal Tar Enamel) jl j±=& 
(jja j ^jja&U (Corrosive Environment) <HaVl AjjJI Jc jLoVuiwnll 

Jaai Ux» (jj^J Ja2 <_1 jf&U 4jla.l.lll AjLLJI Lai .^aj^l tllaj jl (J^jVI 
a jalaJ! c_j jjuVI LaA (jjxiL-aJI jill t—iijUl ^Joaj jl .JiaJ JaXa jl ^jl jJaS 

Cjbl$j 2_L^>j .(Will Type) 4-1 j^aJ I L-ijjjSHj (Electrically Welded) LuLjg£ 
aJjLo jl Ajjloui djLlgj :1^-oaI ^ laa \l J^-^ j^l u^°^ ^ dj^A^ 't'j^^ 
(Flanges ^1 jJIj S jjU cijlgj 4(Plain or Beveled Ends) UlSa. \ $^\\ 

4(Bumped or Lap Ends for Riveting) ^aj^jjII k£\Ju* ilLLp 4for Bolting) 
.(Spigot Ends With Rubber Gasket) ka S jJia. ^ Sio^ - (ji£ :djUlgj 

^LaSI ojj^J j jjjjail £uia 7-6 

<alx-all 4jaa-a J (jia jai j* AaJUJI flUall j JU1I £3jl1 lJlLjJoa dljaJ 
.XJa ^cjJaJI (jJ-atjl ClllajJa-all (ja A a Lails! ^aVI ' . ii^j '^jj^' ^»Uaj 
(J^aa J -kjJJ 4jlaJI o^A Jj .4jllia»<s «La^a. ( _S / ]ali<a Jj AjjLoiLa jjc. JajijJa 
djl^a.j jtSlnl 1 alu 4 4jJaiaa<a]l ( _a / ialltt]l J AjoUJ^)1I 4-a^aJlj SjjjLu dllauJa-aJI 
dlla i>>oll JaLajl jj£l (jj .^aUaill J 'S^U^ dllc-liiSjl Jj JjJ^ jil 
(Vertical jaUill AaiiJjjjJI dllajJa n\\ 4jtij^tt]l (Jjlaliall 4-a^aJ Icjajjj 
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(Horizontal Split-Case kail ota i±M c A^±J \ j Turbine Pumps) 
"jlc J\ *U JL^ajj ^Jc Igjj^a j SouJI lgj*U£ J! I jki (Centrifugal Pumps) 
ftixu^lj Aauu^a 10-6 Jiill j^Jaj -(High Discharge Heads) ^jjjj^jj 

(Double (jilijjjkJI jiiauall !A£ ^ eLall ( ■ la . i n liuau 4£ LJauaj 

Ljij^al U* * all JataJ Ljja-a j IjcUui bj! jj (j a» ?"> j (jill j-aVl Volute Case) 
(Jjjjj jjkJl LjJ^JaJI ^ *bJI ^jki ^-LaJI j» jL .(djULJ jjll) JoA^ill 

t ; ibjqij l 4iUa (j-a JL^-a ^ 4 a > >>fl\l o^A (JlLa cJ-**^ . Jaa * '<-y\\ 

.5-4j 4-4 dil jaaJI ^ ^Uajil j ajl > ^ j ajuLill cliK >>>fl\l jjOiA (jia jj jSj 




(Horizontal split-case double- Uaai p/i^Si* 6/"^'.' s ^ £J J .> y»« :10-6 Ji^ 
Fairbanks :c> <Sst>«) tsj^ 1 M-* 1 ' ^t<£i«S 4Jbdl 4^jiJI suction centrifugal pump) 

(Morse Pump Corporation 
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AjtajjA djlitjiu £Jjjjil dij^ 1 Oi^ C^i 
«.(ll-6 J^i) 3.0 j 50000 mil gal jjj ^ cjU^j S^ltla a^jjS j AjaJjkl 

1^ JStill j> Sjlc 4jj>V jill Cjb! jaJI -LaUj .-Uaja-all ^^j-aljVl 

(Cathodic Protection Equipment) « AjLaa. dil j J l_u£ jjjj 4_j=».jUJ 

jLiu (Vertical Standpipe) AjljaLi clsljlj^- ^hViml ^>"n » aa ' 

t (Ground-Level Water) <>a jVI ^Ja^ ^ jlou> ^^Jc 




mil t> ^jIjjj ijUu-j (elevated spheroid-shaped) csjjS pUll £*»J =11-6 <Ji^ 
(Chicago Bridge and Iron Co. :<> atjaJ! SjcIS <> JJa-. jLj 3.0 ^ gal 0.50 
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.5 mil gal ( J^- lL^j *-^ c - ^ j*^ l>° ^ j^-" ^jf^ ^jLiI ja. ja jjj 

Igjlolijjl dl jjLaj lij AjI jSLj <Lujjjl Cllbl^i. ^Uaj-aAll ^^"unj La yiC j 

j^-aj .(Reservoir) dililja. C3 , <\ . ula Lplclaijl UjUaal dsjjL>j lij Lai cUjLLal 

AlLalaJI aJj^?JI aJ ol ■ <ad3l Clol j Jal .(jiajVl dl^J jl <_K»jVI (Jj3 <jl jaJI Lijj jl 
t fljjl Sj (j-a dli ^il^ j c-Lall iaia. ^lia.1 (j-a ol^-a-V! Ajajjawi Aaj jjjj dlLl^i-J 




Ax*m "^L (xa^j o^J^I tSJ^" »Ui J*a-» j^ji ^jSUi (jJJjjl :12-6 Jii 

(Chicago Bridge and Iron Co. =i> 4Sal>») 
<k*-a ^ (Clear- Well Storage) ^L^ll jjJ <jj jij Sic 

(Roof ' V4 > ii Aajj JjLjj La j3 jj ^^ill j ^Ju^aU Ajji ,-)^\l AjOclall dlLjjaJI 

^LuJ diV'^-a ^fl t_£takYLi <aJU-a <ia^-a Aabjiall AjuJ\ ^ajou .Structure) 
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jj^aall fJJ j3 .^JJjjJI fUaJ ^1 ^UJI ^ajl! llllka-a £jla Cjtftla-a ^ j «.U 

.(Distribution Storage) £jj>i tlyj^ f-^H cs^ t^^ 3 ) ("^^ 

<jia jVl £tJajai (J Jc jjjajjj ^ij ^ jJ_pJ jjJ c-Lall £JJJJ jlua.VI ^<u*J 
^^Icj 4«.Ia1L jjg V)\l 4j3 jjj ( _ 5 ic-j (_£^>jan]| ^aAjll ^aAj tUal JC- jfUl LS ic. 

4_uAia £31 jS jj jjljll (_^a t^Auilxa UajijJa (j-ajJ *— ^lijjl till j 

jj& Cjtilja. J iliUIji c-ilkjj j*Vl jli tSllilj (^Vc-t 

bjI-Islj 4jjL^ajaVI J^-^ 13 V'U •* j-)* -0 ' " ' ^ a O^J^^ lS j" 1 > " * 

^Jc <aJala (J£l £J3jja]| ^jjjaallj AjjlLa C(j^ajVI (_£ jjjaba jjc (jjjaall Ljlj^-a J 
^Lall A aJaj) ^ji 4j ^^J-^a jjj AjjL^ajal jj£l ^ijj-all yjjaall JJJJU Laj-a£ j . jljfljl 
4-alajVI 4iK Jal jja-aJI £CjJall till jjgjsjj tllLljaJ La Ulc. j .a jji > all 

jjiLajj AiSjjj-a till jjg aJ LjaS ji jjj La£ . L-LuiLLo l_sIjjIiI (jJ/Aj (j^-<y ( " sjjjSJI 
• 4jfLjLa jJjVI jjj*jll ("ll .a (Jai (j-a j j*j (jc (J jV 1 Til l (JaJ (j-a (j-^P^J^ 

£tjJa t_J^/aj<-aj ajxlui-a 4jsJIjlaJ ^LajjJI jA £jjjjll (jjj^all (_)jUJjJI Jj^ll (jj 
jl ^ij-a '^ x3 '"ll^l/l^l ^j;l"'^ liljaba (jj>i-allj t£jjjj]l ^Uaj ^ eLi-alJ 4jjiiLaJLa 

4*.Lall JJjL^a (^jifr t ■ ll!-i\l (_5jLujJJ f.Lall jjjiJil 4jjjjjjJI Ulj^l (j-aSj . jjS^I 
jljiLoil j t4jjjjjJall tllU.uill j ^Lajs.^1 (j^alijjj tUjjaj ^jjjjll j tjjiill j t4jaJlx-aJI j 

JJ^J .^Wj4^t J 1 ^ 1 tllcM jt ^IjjJI ^jlSLaS AjjLkll LlVUil 
Ajjlil ^jaluball aU-aJI aa a (j-a jliic-Vlj ia.VI '^''J 4<_1 jUa-aJI (jjj\k-a]l 

jjjakjll jJjSJ ^JJ .fjj jiaJI CjUaLuakU AikjUl aLvail <J-a£ j '^baJI ^Lua>.VI till jjiu 
AjcLuJI Clll jjilil l*JJ tiS]j j tLgJ jj(5 >'llj aLvail ^Lua.VI (JJJ Jj^stlll ^jjjjJaJI 
.^^j^aSVI eAaJ ^Lall -I lalml (jj^J a jJ ^ s.Lall 1 nV 
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^LalL A $\'\ ^ ^al J ja. j-a a j\r > .-i (jj^ij dll^j jjg (jj^J 
<-_lljbl (JUJI oi& J ^a^/l L_ll3aJJj ^fij* J AjalfLa Ajtjai J j^. j ^j-o 

1 iinl-^"l jjSI oLia Ja jijJa -IfLjJ (jfLaJj t^^^a^l (jj_)iall ^aJ laJi] jt > 
(jjja«»a]l aLjx (J^aau ^li^'iml l ■ la»J c<Lolxll (Jjt uilll <La.}i. J j . ^Uaj]l <_Lil£ jjc 
4_ailfLa] 4 i st> ^ ^Lall liKlgioil ^.ic. ( _ 5 Jtjjj 4jj La£ c^LaJI (jljjJ (jLajJa JaJ (j< 

jl 4jti!j^a Cllljl ji. J £jjjal! ^»Uaj (j-ajJa Jjjljajl sLlo I ■ iLljaij l (jjjajj ^ajj 

A^a^i. ill) i ^> a *^a (_><ajVI (_£jluba Jc- 
CjU ji. j3 jj .Alia] j (jjl jaJI sUal LJ jUoaII t-jUau^/l Jc. etb (jjl jaj A^ilfLal 

^ui J] 15 Jj 10 ft jJi (Jj*l\ <> *LJL J CjI jj^aall loJ .flLill 
f J^J ^ljIa>VI (jjJ La Jj (jljaJI J c-Lall <— l jui'u -lajjA £-aj .(—UjUVI 

.(jjljaJJ oU« jjjp^aS LojjLa frUll (j* %75 _ 70 oj-ia Ur^l . ^a-.^Sfl 

(jj_)iaJI aLuJ (jj^J ",'*'J 4(3^^)^ ( ■ iLlmjl Jc 4jaaLa^aI]j 

Jjjjall Ajtij^a ^cjJa I^JjVI (j^ajU^xiJI ( " l) i >-\ s^j^aII ^^^jJajVl 

(JjAj JaLjii.1 4iUa j li t-><\j (Jjjl^pjl aloo ^lila-^j 4 jla a\\ l— iLal ^aJluL^U ojjill 
(j-a -^7 ^ dll j £jjjJ ^-Ujljl i^IjVI jjIjoi J j3 jl<a l " ^1 > >\ tNi o^J 

(j^ajxj jaJI olxa (—jLujijI j Ajla ojjjJI dsl.il.laj £a (JaUjII t_J jUa-aJI ^-aJI 

s^lcj .La (_J jIIoaII Jjji-a]! AaaZ t_lLuaaJ ajUa-all tliUiaill 6-3 Jllall 

15 tJJJ tClulj ^cjuia (J^a-a (_^^] jliaVi J ^Lu^/I (JOJ jjl jail (JjWl\ AjtjaJI jj^J 

jail 4-aJ t> %20 J 
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3-6 Jtia 

^LnaJ 4iLja] ^Ull JT^VI <bU-al (_1 jILuJI £J (jj j^-a (.Un^l 

.5-6 J j^?JI ^ aLbJl (Day of Maximum Water Consumption) LS ^^ 

diLijlUJI j^juj tgpm — j ! j-iLa (Hourly Consumption) c*£UiaiVl 
(Cumulative Consumption) f£ljia]| li^lgo^VLij <^ jJl <_gi AcLuj J£ 4£l$laiJ I 

(jjlj^JI aLba t_iLujijl CjL>Lla.l ^Lu . Jolll t <>nmrt ejjic. AjjlaJI 4£.LJI ^ U^j 

gpmj cAaal j 4ja.LJal cjlcLu 6 o-ial 6000 gpm (Fire Flow Requirements) 

.jjJp^JI j-2000 

^j-a oOaLou» tllliLul t>ajll £-a liCil^iujVl <_fc*-al lili^ a j& 13-6 

1860 gpm ,jJUl ^tjJall Jix* Jal liDl^lajVl Ji«-» jj^J La^k. j .5-6 J 

(jlj^JI oj^J 1860 gpm (>a J&l <jjfL Uoic-j .Alvu <SU. ^ jl jiJI jjfL 
(Emptying or Filling ,yja^l jl Alutjll ^ la La Ca^j kxl\ j\\ AikLall j .^jjsj aJU. 

^ £LjJa]| J"^a-a Jojoi jlaJ ^•lila.VI j£ <UjU-ail L_l jlixall jjjiuJI ^ CUrve) 

.1680 gpm £]U! j AtU 24 

a a-ilc. f l^J i in 1 13-6 <_&^ 4aLuoaII <_lLud=k 4jj»j^a I jJaj j 

14-6 <_&^ L&AJ Laiu jLLall J-iUall (jSa-all <jjji-ajl jJ^ail t*Uj j aJj£ 

(Jjlla 5-6 J jiiaJI ,_y3 4 J 3-a*}! ^jSI IajujJJ caLuJl ^-aSI jjll L_iLua£U 1 kLa a 

4i j«-*Jj . (Constant 24-hour Pumping Rate) ^cL* 24 ij^t ^c- duljll ^iall 
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joj a2 jSLill AiLudJI jjSiui .(jiiiVl j (^icVl t*^ 3 ^ ^ a££1\ ^g^LU 

500,000 <3UJI a^A ^ j t4jjU*JI jl_pJI <*joi ^ jjjjl jiall jjlaaJt jiOA 

. jjll£ 

jljlxil ^gic. £J jjill ^Uai eLaJI £uJa JUS-all j« jjoil <JI (J<a*-J ^ j^l J 

4iUall tlT^»-a jj£j La^jfr a jjjlll CilcLai jc oJjxJI tllljjAll <_j.Sc. jl t jlglll tlllcLuo 
8 OJJ3 j J*" ' " <aUa]l (>aaa.l jl <SUJI a^A ^ jiajja! .4 >^-n La 

jpajl Ajjlull tlllc.lja.VI J .Uiu-a 8 AcL-JI j 12 <cLui3l j* JlaJ tlilcLui 

al^aJLuilj 14-6 (JSjuuIL AlLa-a a^A tlll&Lui 8 11 'ajjS ^Aalmlj jjjk-aJI tliLAlaLa 

j^Jall Jaa. fjuij ^ t^jJI J^U. ^gJ^ilfyt Jj-aSI jill ^S^luiVI j .AaJaSLaJI Ja jkkll 

12 AcLoJl jA j-ajJIj Ijij^a LSj^i S-l^U^VI LoilaJI 4jaSj j-a Ijliifrl ___a£Ijj1I 

jjjaull jjlljoi g^tilljj tUilj-a AialjJI <C.LjJI ^ gjyall ajja i!lll 
jjj 1 -vl u ^1 Aj^allill A & 1 ' ul i AiLuj-all ^Lui-a ( ■ I jLWal l 

JJC. 4-v i^>^\l Jjijlj j ^LjJall f.^J j-«j ^1 lij) ^^-ajJ! £tjJallj ^^-aSljill 

tjllLJI da jll ^1 5-6 Jji?Ji / J tiiULull (jjlj t_A. jij 12 A£.LJI j*j 

liljau 14-6 L&^1 <~"J Sjlftl t_ia_i La£ t ^1 jilt tiW^o.^1 t-lLaia. aid t_LvJj 
. (.ll-laJI £CjJall clj j-aj Aifr LllaJI <iakj jjSj 
J^caI jLowi Jjjl jaJI oLw ^gJaLiia.1 (J^IS j^aljl 4-1 jila-all jj ji-aJI jl 

:*oXaJ LjjjJa-a t—lLjauVl 

2000 J5L x 60 — x 6 hr = 720000 gal 

min hr 

1 ^tjJa J^x-a ^liia.V 4jjLoia1I 4jjilaA]l AaKJI jj ji-all 4jtjai jli ^lllLj 

: jjSluj jaJI j^s Ajlijll 4iLjal a jaJjoba 4£.Lui 24 

0.5 + 0.72 = 1.22 mil gal 
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3-6 <JHa12 sUall JU*U <ji « (ib^luil cjULu :5-6 Jj^ 









gal 


gal 


gpm 


0 


0 


0 


Jill Uu^iio 12 


52000 


52000 


866 


JJ 1 


104000 


52000 


866 


2 


140000 


36000 


600 


3 


178000 


38000 


634 


4 


238000 


60000 


1000 


5 


318000 


80000 


1330 


6 


428000 


110000 


1830 


7 


582000 


154000 


2570 


8 


732000 


150000 


2500 


9 


860000 


128000 


2140 


10 


985000 


125000 


2080 


11 


1115000 


130000 


2170 


12 


1243000 


128000 


2130 




1373000 


130000 


2170 


2 


1513000 


140000 


2330 


3 


1651000 


138000 


2300 


4 


1815000 


164000 


2740 


5 


1999000 


184000 


3070 


6 


2199000 


200000 


3330 


7 


2359000 


160000 


2670 


8 
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2479000 


120000 


2000 


9 


2559000 


80000 


1330 


10 


2629000 


70000 


1170 


11 


2685000 


56000 


933 


12 






1860 = 





4-6 Jti* 

J^a-a '.Aji$\ ^UJI q ajl > aa Clilj 4jj.Xa] #.LalL jjg aj ^Uaj (JjjjJI 

6.0 mgpd (S ^J\ 4(2780 gpm) 4.0 mgpd jrlu^VI 

oUJ t_, jljaJl cjUuijVI j t(6250 gpm) 9.0 mgpd S jjiM AcL* t (4170 gpm) 
o jja djlcLa. 5 (jJcV g,ohr .1 Ji*-a <ia ^Ijj La 4(5000 gpm) 7.2 mgpd (Jjl jaJI 
ljLu^I <aLi! ^aVl ^jJ ^rLu^V! t> j'j^a (9170 gpm) 13.2 mgpd 

^LaUJjll ^LuJ-Jall ,J 4j1c 4 kal -s all ^ill ^jr.^VI Sail i all <jl (>ajJ2l 

(-tuliVl j»Lki J J »^ gluLoLi (115 ft) 50 Psi jA 

jj^j ^Uiill ^ j ^jjI .100 = C <*-a (J-jjjII t_i jjuVI jlaa 24 in. —1 ^ili-a 

. <_L>a^j]l j^^a ( "«K £jL jjj^i-aJ Uiajl ^»Uajll (J^J-^J 'llO* -9 -3^J 

JaJI 

jlc 115 ft ejii (^j^l ^ <ji ^SJjjOlA ^J^j (J Jc <]i3U-ail j ^Uaill CjljjSs 
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^ 24 in. 0 jLa 29000 ft ^ -Li^l iia ^1 4iL^j 115 ft uj%" 

:("jkJ! M 7-4 Jiill flj&luAj) 4.0 gpm 

115 + (0.9x29)= 140 ft 

:(6.0 mgd) <^saVl "^j^ 

115 + (1.9x29) = 170 ft 

:(9.0 mgd) ^LJ <rliia.7l Sjji ti^ j 

115 + (4x29)= 146 ft 
:(13.2 mgd) (jjl j^J al^ t_iUaul ^il AiLJaj tS J^s&l ^ jJ JoxaII j 
115 + (8.2x29) = 350 ft 

15-6 ^ ^Uill ajiA cLuujj ^a] j 



jjj^-all ^ 1 mil gal 1 16-6 Jl^l ^ ^.s^^l <— iLij jjJI <J 

J ^Jall jSj- t> 39000 ft .J***^ t> 10000 ft ^ 

Lial£ (jj^J (jl (^-Ji) ^c-kiall jlfr (jli ijjjji-a]) ^j-a oLui (^1 ^ Lalic-j .120 ft 

<J.).nVl\l 3^^° <-5-^ JjIjjJI jlxJI (j-a ^jlill ^ jiail JaaS LjjlS (jj^J (jl £LjJb]l _aixl ^it ill 
.(JjLa^ill j£^aj ^ i all <lxa-a (jll L-llAj^l iai. ^ dll^jaill jjLaJjl j 
lilljj 4.0 mgd i-JjUa-all ^tiiall Ji*-a J . aJ t^jJI Jiua ij^j 

jlc jj^unj .120 ft (jjiuii Jj^aulLjj cjl j=JI Aic- ojolaj] ILUa-a JmViM j^^a 
^olxJI ia3 4iLja] JjrtViH ^3 ^jLJjjJUgJI £ jill LjLoi* i_J jUxall ^cjJall 

.29000 ft AljL jJUl lj^UVI Jai ^ 

120 + (0.9 x 29) = 146 ft 
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24in t 2900ft A 00 v^' = C 

4-6 Jli»JI (>> djjja^ £jj ^jSJjjJjA "KjJj :15-6 Jii 
(j>a lillij 6.0 mgpd 4-1 jIIiaII ^cjJall (J^x-a (jjSjjoi i _ s J-aSl tiS^ (j"'' ^ JJ (_£-^J 

jJUll L^bVl Jai -jkll ^aa Jj fcLiJ J^l "^jj^l 

.29000 ft AijL 

120 + (1.9x29) = 176 ft 

(j-a ^Uui ^LuJ ^lii^Vi ajji <_S-^ 3.0 mgd — J ijj^H c) -la^V 
Jxtta^l j£ ^ ^liljjOi^JI £ jJullj c^jJall jj& cPW" -0 mgpd6j jjja-al! 
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TIT 



(jfl Ja 10,000 J jl»JI i»a <tia U. jja* u' ^ ts^ JJ-^ ^ J* 

3.0 sj^a ^ Ja Jisua <_S-^ J.:*ViN j^^ 4 j u' U£ £^ j^' 4-" jf>^' 
120 - (0.5 x 10)= 115 ft 

115 + (1.9 x 29) = 171ft 

jaJl oUa uUuul J) Ritual ^-aaVI ^ JjJI 

(6.0 mil gal) 3330 gpm L-h^\ jj^i tdilcLuj 5 SaJ j JjI jaJ 3 j2a J!>U. 

120 + (1.2 x 10)= 108 ft 

j 8.4 mgd = 4.8 -13.2 jA <-j jliuJI ^Ja3! Ji** <jj%"J 

108 + (3.5 x 29) = 210 ft 

l ■ ll.junl £ya %35 aj^a Ijj^aJj (jjllc- (jjjlall (jjja^a ^SLxui tiJjWll! I-^JJ 
jjgjaoll (jjj Ajjlj-allj (Jj (j^> aa ^ W^^)^ (jj^^ - *^ ( <jj 1— ija 

jli tt 5Sl j*JI aLi- E Li^V ^n,^,o 500000 gal J jW^VIj ^VUj .^l^VI j 

.275 ft Jj ^=JI jlc Jbjiui j 116 ft UJ^" J^uM jSj- ci^J jkll 
^JJ (jli .jjji^dl £JJJJ -^jS J$JaJ 16-6 J 15-6 QjKuil l 4j jULa jj 
.'ajjill CjIaLiI^I 4 .^W^ ^ti^a jlc i . \\ SaJJ > ii j^VI (jli Cjjj^^a- 4 ^J-^ 

(Jjl jaJI aUa t_lUjaijl Jj 4il^aj ^J^aafyt ^ jJI £-Lua>VI <_S-^ ^ ' ^ J^*- 4 
(j-a :'ajjill <&Lii £tjJa ijc U^ajl L3f^j ^ J AiUaJI JajJa j* 

J .171 ft *jk ti^l 6.0 mgd _j <j jlia 230 ft "jle 9.0 mgd «<jjjau uj j 
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.LujSj jJUJI M£ (J la* i all 

^(8.4mgd) iSMl > e > M U^I J) sr -fcc.V» ^ jJl jb^VI 
(6.0lllgd) ^j-^e-i fjj 

- (6.0mgd) '"} ^ 
/ (4.()mgd) ^jJ' eW^VI 

^(3.0mgd) Sjjiii 




4-6 JH«I2 JxoaJI jS>« jjj^a LUj*-* fr 4 tr^JJ-'i* ^^J-^ =16-6 Jii 



uUL^i! 8-6 

<<aJlsuall Cjlka^a <J 4 <JaI£ jjc (Valves) CjUU.^I t_j£ Ja 

Uja. CjLoI a i (JS, (JJ^J 'J^' ^jhlMj • jLull vW^' s W^Wj j'-^*^ .i^->"l\l 
Ajujj\ JaU&l gj .^J £±t.y j ^2a] C^UVi .Li Jib "^S 

< (Rotary Valve) ^ jj^l j « (Slide Valve) Jti jiVI cjUU^ jll 
^ lc Jal g-l jjl c*JU& j '(Swing Valve) jl j '(Globe Valve) ^ j^ 1 j 
(Sleeve <J<&^j '(Diaphragm Valve) g,.'?^ j '(Sphere Valve) ij 
l±J < ii.nl j .(Vertical-Lift Disk Valve) yJ jaUJI ^ajB jj y^j^ j Valve) 
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(Shutoff C_a3 jj lllLaLaj^a Jla) 1 g h» nil j-a (jiajijl ^gjc. s-Lu ajlc CllLal a > .all 

^La^) U%^ J J jj- 5 <jr^ J '(Altitude Valve) ^UjjI CjUU^ j Valve) 
(Flow Valve) ujUjouVIj j^aall dsLataj^aj 4 (By-Pass) Valve j** 

oifls j^i ^jujLoiVI (j^ajiJI j) Clita. j .^La.VVi. nUl ol^l jc. jJajll <jiaxJ (Control 
(j^ajajl AiLjjIa jli tc-UJI 4 flh'il ^ dlLaUu^all ^1 JAJ ml t '< i ,0 j j& 4jislLa]l 

^ jg h'i Aa^Ljajj t"i1 l-i ^ Igaiilaj jl 1 &JJ-^ IjLojc.1 jj £lai 

(_pajiJI jl JJ^ll <_£J^ £^J^ J 1 -^-ajl ^> laJLaU .j2j .Lai iVlml Jj£^l dlLal ^ . 

'(Screw) <-J jM ^ j»L<u^all liTjaiajl j. ajxJl Jjiuiu JjLuj j j] 

£jLi i—iljlll j jac j .(Water Pressure) e-LJ -Li^Ja jl (Gears) <j^jJiM j 
Valve) AjjS j£3I <— iU ^ . j (Gate Valve) <jI jjH iliUU.^ ^^ImVI 
U LjO; l^i^jj Lg^ja o^ajj <Needle Valve) AjjjV 1 ^U^l j (Globe 

.jjc. jUI .j jac. £J3J JJ CLiUuAi^aill (_ya*u ^ j . Ldl jl c jJI ^o^j Aila. <]ajJ jj 

jj^jull ji.! (j^aaj ^j t(Shutoff Element) ^-as jail £kt.\ 

^ij .U^j^ jj£| IjlAj aj ,->\l (J^- 2 4-^ J^l '(^JJ UJ-V jj-jj 

AloiLoi ( <.)^JJ j^J K-JjM f\ laZLi ill *.La]| i >i £J-aJ ('"n^. ojJjSJl CllLal ^ > ^>\l 

^ jc <Jal tjjjJaj jjc- «-laJj i^jjvjIIj i— is jjil jj-ajaJ ^Lajaill (Gear Train) ciAiWa 

jl ^JLj^S ^Jl <Jju2uU jl Lijla CjlilobaJI ^Uaj jljj jl j^ . J jaaJI ^jJc 
t"ll iluLa (Jiaiuu IAjj^jvj (j^-aJ ( _ S J^1I CllLal aj ^ill jj-ajJaJJ .(_5jlc. jl ^^JjjJjA 

<jIjj]| diLaUj^a j t (Butterfly) 'Uil jill cjLaUu^a c (Geared Operator) 

(3l*J jl ^jij jl ^IaII 1— >■»■ , >y\ j^-aJ .<Jj£j^ll CllLaLaj^Jlj Ajjj£JI dlLal cu j 
Jajoulj .liljjviall ji ^>'n\l j^jJc- Jj^lj-a loir . >i jjc. CllLaLA»-all jjl jj^r> J 

^iJI j (Hinged Swing Gate) Jj^ialaJI jl jgJI aA jjII diULaj^i dslalaj^ll 
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Sail i >i £J*Jjjj j\ <UIsj1I jjjIjj (3^J ' ^iij 

(Automatic Globe Valve) L g£jjLajjjVl ^Uu^JI jA jSJi Jlla ^3Uaj 

(_£>ljk (j-a <— aSjoll j i .Vic. <£jau |»fLau]l A j£ <n aLu^all ^ * n-> 1 ^ijo> aJj ^,"1 aJJ j 



lllLal ^ . ^ (—UjljVi -Ixi. JJC ^3 jj ^1 CjLabu-a]l j] 

L_a3 jJ Cl)LaLu-a JJC. i_uiiVI 4£jui a.) 1 gflj aJJj .$.1*31 4-aiaj] ^ ajjj JJ^S/I 

^-X^L jl j-jj j ^ jptj 4iLla ^! Jjc jfLu i 'w j <(Shutoff Valves) 

CjIjcLuII £ jIjjj .(JjljaJ t> 4jISj]I jl 4-a.laJI £aJ jj jx ^jS/I JaJb ^JJjl6U 

tL. 4jjjx j^Ja ^aJl Luj cdljj (370-150 m) 1200 in.j 500 in. jjj 

4juj! 4j!>Ij J£] aLu^a £jJa jj ^jVl O^JI J1«jj J** J -^-ulujII S^^' 

i_JS ^Ja jj al<\> ^gjLjJdll (JjjjjjII l_ijj£U jj^jj 4*.lioli 4 Saajj aJ^oj^s t_ujljl 

^Uu-aj (jujj j £jjjJ Jai.j (JJja. 4jfcj3 jjj Jj-aljll l_ljjjVI ^JJJj .1200 in. 
i ^CjJall dlUa^-aj AjsJIxaII '"^ ^-^ " ^ j . JjjI ja^l jS ^jL^aJ 4jjl£xj jJxljl 
tAjjjlaJI Clll jaaII Ja jixi.j AjoUJj]| Ja jixaJI J^-°J cJ^J-a CllLoLaj^a £jJajJ 

4jlu^all ja.L *UiB dlLajJa-all j CllLaLu-aJI liia jx C&H LS'^ J-aVi 

I—UjLjVI sjtia-a t_ilaj) dlLaU.,^. 4jj>laJ djUiUu^all j .^-X^aVlj 

Aj jJI a l mnlj .AajljjJ Auil j3 iliLal «\ . l^jc. VjJ ^j^^' aJAJjoU aa ^.11 ojJjS 
4jajail jj t*3jajjj j_aA3U f.Lall jIjj alaoV aj-ala-a jj liljauj ( -lL ^Vjji 

.jjij JJ V J >ac- JJC- 
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qa jLnll ^1<J ^fLa-a £-U»3! ^jlj-la. ^gic. (JjVi'n jl J] AjljJI L^jj] ^ 

^ jJajoi ^» ■ ■ " ; \ a^Laliluil v _ s ^ ^ laSl ^» all ^Iaa^iII ^ nl"> l _ s -lc (jjJ J^J-° 
4 <uVs\l CllLaUu^all j .^Lall l_i^joU ^La] Ji^ (jP^j f^-^k dP^V 
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J jjj .lg-llc <Ua.jla. iJSj^J j ^gj^tJ ^ j H-b^a .11.1a. (j<a ^-J' 1 

(jj i (jlfLoJI Jj (Jj-"-^ jfl 4 j£ <n (JjjJaJ I— lli >» a 4 l*iml jj (jjlijj <— 'Lai ' ^1 o^A 




J^V'J E^ 1 griS^J ^J* 11 ? u - aJ O'j^ =18-6 Jii 



jl ^Ijj J J^- (j'jj-^ lilj^la (>aja (18-6 (J^ill) ^Jiljill ^Lu^a] j 

,J-al£ ^ 4-La3 .lajj olaJjL ^jjUI (j^ajall Jj-lj .1— iajaall ^ji JJ^-a 
4joUJjll dll j^l j] .^Jjjaall l jAj^a 4ik. Jc. jSLoUj c^cjall <J-al£ J) (jplc-VI 

jj .(Throttling Capabilities) (jji^il cjbjlLJ j c'jkU JJa iaa j i_slL7l 
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(Industries Inc 



(—iLuuj^/lj oLiaII ^.rtun 4j£jjLa jjjl ( L^aj isl.il (Check Valve) ^Jaall ^Lu^a 
L_a3 jjj LsAic L£ijLajj jl JjlaJj > Ji^ dlaJj ^Laj^all ^ai; .Jala .IsJ j oLaJjU 
jLiill i^Jjl £i<J (iUij eiAj C-^ 3 S^-" <jr* *^ S-^lyj -^W^ 

.^j jjall l - r y^ a£oj1 j (jj_)i^<JI diljl ja> (Jjj ClLiL^a 
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^Jala LaA c-bdl A aJajl Clil'qnWi ^ ^JakJI dsLaLaj^al jjloiLiiVI jjJJJjoll jj 

Jj5aVI ^JalS lSj=^ .(Swing Check) jlj^VI £-Ua j (Lift Check) <*i jl! 

Jjlijj i^ji^-"! J^UJ ^-^J 1 " t ^ A> ^ f"""> j"' ^* LJjSUi t*ljaoi ^Jojuaa O^jfi 

. ^Ja jj Aic (j^aAj jjj^Ij jl 4JU&1I <J*aJ 

dlfcx 19-6 J^l JAILII Ja^l t*llj jA Icjjui jljSAVI fJal jS >Sl jj 

^JJ (_^aja]| £S^)jj t^LaJI i—lLuuil aLaJjl Ajjlj Jjli-all (j-a^all £-A^aJ 

(juSla-a (Jij ^Jj" 1 s-^-LiA^J jl 4jlijlL Laj Jplc-71 ^Ijj .(—iLuiijl ^jJ^^ ^l^aVI 

jA ^Uja-all jj^lj 4-aJj^a]l <i o^a^i. 4 q J h j (jj jl 4aiaUa-a a-iclii ( _ 5 Jc- 

' '"J*"*" (_3^X.yi £ia 

Sjjtinfl A^a. j^l LjULtuaJ) j hiihll i fljiaJj <JjL»Lwa 

(Small Pressure- jA\ diLal a . j VrV > h\\ t aja^j cliLsbu^a 4iJa j jl 
Jfll £ jU -laijJa ^Jl Ja.U LiuJal l t foVi ^ Reducing and Pilot Valves) 

dll ulUSj ^'u <3J ^all j a Jjir > ^>\l la* > >i\l ( 8j3aJj CllLaLaj^a t " ll q n W'l j] .^Ima ^ « 

laj3u^al\ j>* <Ldjia]| dj|jj0xu]| aSojI aAasu JiLajj c2 in.j 0.5 in. jJJ £ jl jii 

^^all ajJjSJI AafLuLajj jVI CllLaLaj^all (_Ja*J J^l dlLaLaj-^all ^Sajj 1 ajjj teJjl jll 

^ .^^a-oll j <Ji..la]l jjJ laa > >i jjS ^cjjj ^ill ^>-a^/l 4 jlc Ja3 Llujwj 4^1 «» <-i\\ 
j^s ULuba Iajj-ISj |3J ^^all 4Jj-a*il 4jJj^3tJI <£^pjl jli 20-6 (JfLllU (3^*-^ ^* 
. ^Lm all jjc. A^iaJI Ai^i tA-aSJI ^ic Cluloll 4j| jjll j-a J!)La. 
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Ji^i i^jaJl ££L*a jj f\ jiiuiU 2 in. yJSt 0.5 in. <> dUJu ji ji» tlauaJI i ijiVi ^U-a :20-6 <Ji^ 
4ial >>) (23-6 Jii j 22-6 JlA) 4JujU jjjStl CjUUnaJI J*e Wa j {ZaSll 4a >» (.UuaS iflJ jS jjJiluuj 6-6 
(GA Industries Inc. Golden-Anderson Valve Div :<> 



(jJJ ^Iaj^sJI 6J^a. -iaJJJ 4 Vigil JJC. JilLallj JA-<JI Sail * >i 

iil^_pu]l (^gic ^Lu^aJI (J^ajS (j^ajLill ^)Jaj i_s 
jjc 4 _ 5 icl aLw Sa« * >i j i—iUjouLj < _ s Jljilj la-oLai L^Uajl Jj£l ^gJ] (jLalVl 

JjaxJI ^SJtS i_a_^juj 4j| jJI (jji t^jawall Aic Sail i ^ill jl t{ja£xlljj .^L<u>-a]l 



425 



jjjJjjj .^j^aH In it > >\ ^jJtUU 1 > * ^Uu^all cJ^J \a\*.a c^glc^M J^i 

^ eL3l JaiuJa (Automatic Control Valves) J^-* jjjVI ^Lu-all ^ iVimj 

^jL csjoj^II CliLal a > all Ja .^Lu^aJI Jp^-C-jj tiljVull j> <Vit\I Joioial ^Uajll 

Spring-Loaded Diaphragm ) ch 3 ^ Jc- J ^ jU. 

tfljaJLalt j i ai»Jl jjjj > .n\ L-Lub <\\l i ■ uLaJt Jj c-UJI La . >> ((Assembly 

t (Pressure-Reducing Valves) Ui > ^ 1 t ijikj diU a . ^ AjjLall A-<JijVi 
Surge Relief ) u^A^ 1 Uuaio j 4 (Altitude Valves) £ls2 jVI CjUUu^j j 
CjULu-aj (Controlled Check Valves) c_ial ^kall cjUU^ j i (Valves 

.(Shutoff Valves) <-tf£ll 

Aaliila jj jVI AojS J^l! CjlaLaj^l JaUu! Jji.*u3l I^Xa 21-6 (J$J&\ jgiij 

sja^JI t*SjaJLaJI j> ^nl l Ai-Lu^i ia] .(Automatic Globe Valves) 

.^jiLoJI AaJajai AaLu** jjSI fj jlaJI AaJajoi Aa-Lous (Piston) (J^-aS AjjLtll 

.(121-6 
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Liua <Uiy«ljj l^jjLa ^1 infill j^ie 4liqKnll ^jj (i) .^^IuUjjjI tSjjS ^tua J J Luu j^Jaj hri^ n :21-6 Jiui 
^Liuall ^jJc 4Mt nil ^jj (l-i) liJ^JI ubliS j^Jft ^Ajjia (jnjSnll jji S jajaJl jjli Uiie Jiiall lie sU> 

GA Industries Inc. Golden- 5ial>») o^A^ 1 ^ ^ s jj^ »jS UjU« ^lib JaLi SJiuitjj UUia 

(Anderson Valve Div. 



(j-a (3^4 c^ c '^ cs^ jLoi-aJ! (^gJ^J ^ « » ^1 £jJaj-a JJjUU (jj 

a^C-lSj <La3 jj-a (J£ f^jlc- (JjjLuJI La* i all ^yi Aj^s jSsl\ jl . (jin^a\l (_3j3 flj7»-sll 
(_£jl*]| ej^JI <LaLai* (jl l^)Jaj tJijuiVI J^j jj£l sj3 .iljjjai (jiufLaJI 

£c «.IaU £t-ajaU LoOk- «UU lillj ^jic-J .^iiaiJI flejs, 4ja.Lii-a jpj jj£l (ji)^<\ll 

.(<-j21-6 lK") IjV'U jjjI t3^4 -l*-^ 1 (jla <jj1«JI flj->^^l (jlj J j^-ilL Ja.aJI 

ajl» > s-i <aJia (J^i. jx JkWIj (j fill (j-a ^jLiJI lilj^Lall elj^JI ^aJ 

jl .(Water Hammer) 4jjL« cs^-J £^ j a^-<JI t> <■ '^"i 

j-a (_s-J_^ *— *5 j»Laj^aJ 
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AjluLajj jl cjUL<u^a (Pressure-Reducing Valves) ■ al l t baaj cjLaLu^a 

<LJail ^ji CllLal ^ > sy\\ oigj £jLiJI (jnWllI j .abu^all (JkA-a .lie. <jic-l hi > >i JjlLa 
<L^aila L_ujljl dslfLui (jjJ (_L^aJ j^jll <WujJI (—uijVl ^ji l$_u£jJ jA t^Ldl £JJJJ 
^Jc^l ^jlaxall -1 * , ^.11 ^jjc, eLall t -ib n'n La^j&j . (jjalii-a (jj&Ujjl 

-Lixa (_>ajU ^jlsul Saa . al l ( baaJ ^>jj (j^ia^l Alkiall ^Jl 

t 8j&au al «m a (Ja»la Laa . >i (Jijj .JaijJall ( 8j3aJj aLu^a 22-6 l)^- 1 -^! (J-^JJ 
La > >i Jijj Laiu tal aj ^ill Jple-j _£ajj c£-^lj at <u.-i\l Q ajS o <a2 < _ g 2J JaijJall 

(jin^a\l (Ja»la Aic. )-it i ^ill .4a. _j-a aLu-a JJC (jnj^oll 4-a3 ^1 aLu^all J^- 4 

(jnl^<\\l (J^C-j V jLawa ^gicVI c4^.ja1I aLaj*all j^ja. ' " '" s "' J^J^I 

£caa V jlawa jjil ts lc (JiuiVI In* . aJ <jajlj tsjSJI ojlA (ji£Ujj .4^ jaII 

aLoj^all ^jawa Aic i >>\l jli .AjjC-jaJI A <\jl\l <_£.ll ^jawall .lie 

<kjAll J aj ^ill j^bv Cllau laii i >y\\ t baaJj tl nun 1 > >yh^ \ a ^j^jjUs jJjVI 

aLu^all (jn^rt l3J^ ' ^ ' ^ s JJ - ^ (*J% C^^l J J^l ^ <u i^^^J 
(Jlc 3— »tt i >i ajSJ (jj£la-a (JfLaUj . ^^gjSjLjLo JJjVI aUu^all ^)JC ^jI j I ^lajujJj 
^»L<u-all JJC l-_lL>ujVI t SjaaJlj t ( _ s £ijLajJjS/l al ^ i all [Jawb Jik^ttJI ^jc 

I ■ iLluljVI t jjSaJj aJ (_]>«J taLfti ^>\l jul^a ^^Jc- la« » all -lljj (_5"^lj '^^_Ja1I 

jjJSk lilj ^jawall Ajc k« . all (J Jc 4 Saal ^ all Jala lillil j . ( _ 5 £jjUs jJ jVl aL<u-all JJC 

. |_Ji.X<JI \-ii \ <i JJ»J jl J 
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JJC- J .(Pilot Valves) "U^- JJ ^al <m <~>; la» > >y\\ t aj&aj dlLaLaj^a jjg Vi yS-aJ 
tdliSj laj i >i t jja^J ^Laj^o£ (J-**^ (jl (_s-^£LajJ jl ^ a ' ^ (j-^*d ' " ^ .U' J-^l 
l-ii i ?-i (j jfLl (jl 4jaJ^u 1 q J > nrt A^-s «\ J^-la i >i JaiLvJ j . AjLu^a -1 . 

^gjj iJ^AaII \->r * >i (j iaSa j| |jj j»Uu^all Jsli-Jj tUlma isAAawa <Laj3 (j-o ^jie-l iJav-XaJI 
L_S^Ia ^Ic ^LaJI CllLaAi. A jail ^ flU lillij tLboba JAawa AjLowi Kir > >i jjJ La 

^1 <m t-t (Jjir, nnl ^i.1 ^£au j 4jal ^a ( " il jjjjj ^»l Aaaml (j^-aJ . ^1 <\ > ^ill <_Ja..la 
laa i <i l <J^"*>"' ^ <\ i <a£ jl 4^_£Ag-a 4ja._a^s |»Lu^aaj i >i ( LjAaU at <\ i ^^flijLajjjl 
(joj al jLubal] ^^iLijLajj j$\ ^\ <\ \ <n\\ ^aij t t\j Aj^. _a-a ^\ <u r-i ^ jil .^Ja3 ^\ t\ > j 
SAla ^ 4-ajS (jj^ La <_)a..la]l Kir > >i (jJaiijl |jj ^»Laj^a5l ^^-L-aj i_Ji.A-a ^^JaijJa 

lilljj t^JakJI ll)Lal,n. )-iir i >>\1 1 baaJj CllLaLaj-^a ^ jLull jl.£jl ^LaJ .ULjoba 

■la4*J .^^>awaJI Vt» » >> (jj^ La (_Ja..Xa]l Vr» » >i (j^aiajl Ijj ^Lu^all (Jj^Lij ^)JC 

dsl-ljA/u] L_ljlla-a]l Jjioiall ^jj ( _ s ic. jUiwa]! ti^-^' K^ » >i 4jilj-aj SaJjJa Ja-aj 

.aJA^-a CllLuSjJ j 

l—lUjudj^il LS *LxLaJi jVl K.U>»U (Altitude Valves) ^liijVt djLaLa^a ^AaiaU 
(Jl. ill ') <\\ JA^wa ^UjjI ^gic AjaaL^aU 4al jSLi]l i—UjUVi jl £&J* jl j=>- Jjj 
AcL^all (-_ IjfiVI jl js>J dlLaLajL^all ellLaLtu^alt ojiA 'o-ilfc ^jJajJj .«.La]l 

jjAII (^Lu ( JjoiL i n j»Laj-£a^ ; -» aj i-\ e, ^lijjl ^1 ew <-\ ( ■ Ll£ jj ^aJJ .^iijj-all (jl^ajl ^1 
Lj£jjLajjjl ^Laj-ia]! <3i*J .j»Uaj]L jljaJl lL- 3 ^ 1 t j J^^' cs^ (23-6 J^ 1 ) 

^ ^jjjall t_uL> (^gic- Viir i >y\\ ^ ; i <aJ LaAic. .AjLjaJfl] LtLa jlj^JI ^iaJ LaOjc. 
jl jljaJI Jj^-Aj aU-aU La-aLj <\ > ^o9J cjljaJI (-_uL> j^ JSI ^Laj^all 

.Ajj^U-a 
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^Lu^j jjJ Jlil ^U.^l l_ujUS/I a<oA i-jjujj (123-6) J^-il js-^v 

(_ij^a jJ .(jjl_)*la (jjJ^^La. (jj-aLtti^a (jjJ ^^)i-a]l — (_)i..la]l ^jlt- ^^J^ 

jjA ^jj^all (jl_)iJI Jj ^C-L^all i_JjjjVlj (jjjjir i n (jjjjjjl 4_lajail _aJ <k yt^\ ^\ <\ t 
23-) (JfL^M ^jJa jj A^aJI <jA |»Uaj j-a (_>iUJjll L_SjjjS/ljj '4-&a> 

c-ljjl J ^1 <u 4£.jjou ^fLaall ^jj . jj^II ^lijjl ^Laj^al LiaLjLi. I jhu (4-16 

,4^._&a]I a^c-lij ^1 <\ 1 -1 1 (jjj <__! J s^Vl |»L<u^3 laoi ^-i; tilli j 4iDlc.j 
4(J^ajlj Jc Jiaa-a j^-^- LS^ - 'J^^ J .3 ja. J-aJI <k_&A3l ^1 A > iJaxj 

jjjJIjj . (jjjjjl j»LajL^all J (jjufLall <La3 Jj #.Lall hir 1 >i (Jijj t " j jLuiaII 

Jc AiLla/JI S jail SajjJa j^AJ OjasJI Jcl ^jj jjlaJI (>JI Je Al jAj~o!\ 
iJfLllI ^jJa jj . LfLuLajjjl M ^ <>\l (jl^aJI J #.La11 i_1jjoUa1 (_3 .' ' Sali >>\ 

.(jl^aJI (j-a eLall ( ■ lU 1 n'lL ^.<m n"i jll ^Laj^iII (_J-afc 4iija (^23-6) 

.^Laj^all l ■ ulaJ (_^aikla i >i ^Uaj Jj jji_L^a J^ 3 S-'Jf^ J A^J" 4 ^J^* 4 

I ^ajou 

L-jLui; tSllilj .jjljill (> ^La^l JiU ^UJI JaiuJa ^vilj ^k^l j=o 

sljkjl ju'vt.ij ;jljiJI «.Ja <_D^ J .^»UajJI ^jij ^ <u^all jac jljiil ^J^- 
C.Ljjl <k_a-a]l ^ <\ . all ^ jL .jtjaJ ^Uaill (j-a jaj jj if.iA\ t-lUuijl 

^Jaall ^»Laj^3 jl Jj I jJaj t ( _ s £ijLajJ jVl ^Laj-all (juSU-all 1—lLijuajVI 

^jlill JcS/1 > ^>\l 4->.jVi (jli-a «Ck jaII ^Laj-all jaJ <aJLall t—ljfjVI /-fl J j^jaII 
.<k ^1 <m (j-ajJa L>* LH 3 ^^ LS^^^ lajLa 4^UajJI I ■ ul jjA 

Jj V t-jUouVt J Sja. ftlall JjSj 4ajA <k jaII ^Laj^JI CjLwu-ia j Ja I j&A j 
Jc (Floating) "pic" jijaJI jj 4JUJI o!a J JlLj tAla U.jja.j jljaJI 
#.LaJI i_ljj-ala ^UjjI (J-aia-all (j-a3 4(jl^aJI Jj (Jja^-lllj #.Lall j <\"l 1 nl lijj .^Uaall 
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(jl (jVI *Lail (j£-aJ .^Laj^all (jui^^ <La3 j _^.LaJI ( " LaJ (jjj ^»Uu^all Jj^-C-jj 

La£ ^Uajll i . nl y (j*\f\f\\ 4»a3 ^\ a * ^ * n^t (j-a 7- jaa ^)J£ t_lL.*ijj 

<_s jj .^j^jjLo jJjVl ^bu-all (J^'J'" J '(^23-6) (J^M (_s$ £^aj-a 

tLilS lali-a jl i _ s ic L^jjLa Lai ^UjjI U J^J ' " J •( L r J 23-6) 

.(Throttling Valve) (jjiU. * La^a£ ol <j^Wj 




i-uj jj (!) . jij jaJI £j! jaJI yjj j (> USjjU jj ji fUl uUuub fiaulJ jjjJ) yJLu £l£i j! fU^a :23-6 <Ji>i 

GA Industries Inc. :<> 4ial>») JEU < j£jjUjjjSt! j»UuaJlj o!sU u'j^ 1 l - aiic ^J^ 1 c'- 4 ^ 3 

(Golden-Anderson Valve Div. 



432 




433 























fe) (?U-S3) 23-6 J^i 



(Single-Acting Altitude Valve) J*^ cS-^-l ^lijjl t_u^>> 
.(Storage Tank) jjj^-J u'Jp- c^j *l*3i "-IM K"^ <-r> 

^Uaill aLl<a ^lal £-^3 ^ <u <aj ^jj- 4 S- 1 Jf^ ^ jl^JI < . AjjouVI jjfLijoi j 

. Jj-JI i_S ^ijoiLaiJ ^»Laj r-i <_u£jal ^ i_uj jj 24-6 (J^^ ^lia jJ . J 

lali-a (jJusj I«.j1ax jl jiJI jjfL L-iic. (Differential Altitude Valve) ^i^alaj 

1 i ?->jl jfL<uj . c-!iLal AaLaC <_J£ (jjji^all oLlu .liau 4_jLo*JI ai& (j-ojJaij . jl jaJI 
jAjJa IjSj-a jl_3* ^JalS ^Loj^a ^ya Ulj^a W^^ 4 ^ < " ^ jj-^J j' ^^&jVI ^Ial^iI 
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(•jlji ? U1| utjMUAj ^jiuUjjjVI -<-■"" jj^Jl (^JW ^UjJ j>U^a (JoSjol <U*jjju ijUujj :24-6 <Ji^ 
(GA Industries Inc. Golden-Anderson Valve Div. =i> 4ial>») jj»j>« 

tULjaba J^i-a ^l&jjl jjJ La jljijl ^ $.LaJI L_SjjaiLa jh^il LaAjCj 

^caSJ La-lk- Is^i .^Uail! ^gjj i_U>£a jail <ji Ajiljall ajljJ J^lui 

^llttJ La^j&j .(jl^iJI Kir i >i ^UaiJI )->ir i >i ^JtolL jjLvlij ^fLaull 4jilj3 ajlj.i 
(Jjoili in CllLaLaj^all ^a kxdll IjlA I^£Aj t^Vill AjoljS 'ajljJ Jjlaj jl j^JI 

• jj-lll ^Lu Jjt *n 

al <ii ^ (J iV uOj ^"."n j LubttJ I (^gJ^J ^ <u a 4a*jJaj 4jj11-><i\I ajill (jj 

(Solenoid Pilot Valve) ^ jl t_al ^Lu^l o^-yj ^/' ' ^* i^i^yy 

Clu^j jj Jja. Igil J»j ii£>LjVl <_>a 4i3 (jc- ajLic. ^gjl jUI t-jliLJIj .IgVTn j! 
jc o^]jl<JI ojall j .ualjill ^ ^jjLj^ jLu jj^a Aic- ^nijK'w ■» cJia. <_JfLiuJ 

25~6 js-^j • jaH ^Iaj^JI cP^jj ^ ^ <-&=^' 

L-klll ^\ <\i (jj^J LaAi&j j ^»Laj-a <a3 jUI i— kill aj s-\ QM. uU 

i_i!>UJI ^gic- 4^.jjLa ^1 oi (jaj^a (Jj3 aja^JI tL*.jiLa "CLjaJI ^jJjUI 

t . nl 7» (j-a ^jlall ^ Jj^j-all i .nil (j-al jj-a (JSjoUj (jj^J LajjJ 4(_gjaJI 

jjLa (_ 5 £jJ (jl (_£ 3^ j»Lajxa]l ^ (jin^aW ^ <\ i n j La . UU <i <_£ jl ^Laj^all (J^AaII 
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A Ojoij iAj*. jA\ is A jUI (—ill! aLu^a (jli-J La .lie j . oLus , >i aJojoiI jj 

Ijfa-a (j.n^<\N OJJJ^II ^jj^ 4^.L-oa3I ( _ ? lc. (J^OaII oLw ^jUll )->ir > >y\\ JaijJajj 

.^jljM f U^JI JUL tfli- t JL-Vl j=o <jlc *U 




(Industries Inc. Golden-Anderson Valve Div. 
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jUI L_flill aLaj^a (Joioial o.U*la ^jLj$£ 1 jjl al iVlml (j£-aJ 

4j,i,iib,nl o jo<a ^>JJ*J ^gjil J s-^J*-J ^ aLaj^all jJjTui'i; ^ajoUj t<a. jx>l\ 

^is'lW JlfLlI JojoijIj . .Ixj (jc djl#.l^)all (Jjjb^xaJlj ^La £J_)jJ aUaj 4iajV 

^LijLajjjl a£aj Jl J jj^a jll tjfLaJj .^laJaVI J (Jj». *n\l ^laLa jA jLij^iUI 
(j^ajj .<a.j^ll ^gjl jUI L_al]l aLajL^a Jj ojUi] (J^ |» j5j jl*. i«i i dI clll jjl al lajj hIj 
• Jaaa Jplc-Vlj ^aallj tc.lilaVlj (Jj*ju!allj afLaulL 4jj^asJU <_i jjmLa t-lll u2 i a o 
«UaUall a j£JI JjjS (j^ (jj ji-all ^1 ja. i_l jjqilaJ a£ajll -LjL-ii j AaAll aJlA a > j 

(On-Off JaiuJall ts lc Ja«j Jll ^LilaVI j Jj*-^ j i5^j^ J '(Float) 

•Pressure Switches) 

a jjlaj Aic jl j rt'i i h Lj e.Lall (__ijjoiLa 4 1$ & uij\\ l_l jj-ulall ilil j t un i na (_^ujaj 

1-iir > >>\l (JjLj3 t ; l^l ja. tAa^jLiall <— il jTunm.n\l Jc- "UiLaVI t>°J •^J'"" ^ w * VL>-a 

'(Long Probes) aJjjLJI jjIjjJI j 4(Pressure-Measuring Diaphragms) 
J£ £)±i .ftLall ^cJojuj Jc. (jj^jtjj ^Jl (Sonic Signals) Aii^JI cjljUiVI j 

jjIij-aS L_AajaJI a iVlnn laa i ^->\l (JjAjS Clllj.ll ^)ii*J 4^£j La 

4ja. j Jc. (JjAjSU (_SJ^ ti- 2 ^ f ^ ' jl (Jjo^'i <ula. Jc -LsuJall 
(■llLal <i > <n j t^laijVl dlLaLaj^a (j-a (JS ^a Uj^al .laJ ml (j^-aJ Lll j-a <-lll j (_^jj^aaJI 

dil j run . i i al^klujl ^jS-aj La£ .(Pressure-Reducing Valves) , >>\ l t baaj 
.cjUuJaJI J j» i Soj a£aa!3 (Analog Level Sensors) ^JjLajll t-j^ajoUAll 

dil jliJI J^pJ (J^La. (j-a jl c-l _agJI I—JJjoiJ dj^iL^aj (J^la. #.La]l (— la-m (_J _ajjl 

AaJdj ^Lall t_lLujdj| 4-a jlLa £ja 4jjI j^JI t_ljjajl JUjj .^Lall J t_J jla jl AjIIaII 
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(j* (—Ua-aJI J ieLall £JJJJ -Lliill j^fl l$-a£ljJ 

.dll-N >^i«\l ^j-a s^jljll l^jj' adll jixi. j t Cl£>Llj^a jjll ^gij t lllLal <\ > ^>ll 

e.lj^JI t-jj^^ul ^SIjaII ooa (Airs Release Valves) *l jjj^j cjULu^j 

AjaUa ajS 26-6 JSjjJI ^ ^jJa jaII £jL2JI c.1 jgJ J^J^j j»Uu^a <_£ j^J .(jnj1-\\l 
jjaJL eljgll JLa^all A^jaiLs j=~aJI 4jaa3 ^ j.^'iu ajfUl JaLoU t^Laj-aJI 




M 



(i) ?U3I 5_aJaj( (^S g2l j S jji^a <ao2 jjC * 1 jJjaj ^Uua :26-6 <Ji>i 

GA Industries Inc. Golden- :<> 4ial>«) cjUU^all uba (<_i) j t-tytAl ^a >J| jLLLtll 

(Anderson Valve Div 

c-Axuittl J jJU 9-6 

^liai jjjijj 4-aiaj| ^jLk-a j (jjLj^l 4-a^i. JajJai. ^jjc l . A-bou VI 
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jJXx^ajj l—J^ill Alii oLiaJ jjg jjJ Jjlaba jl ^gistS JL^ijI ^jJI ^jJajC (JL^ajl 
(BackfloW t-lUjouVi jljjjl £-il ja < _ J Ic C_LiSJIj A£Lj-tt3l JIaC-V JojI ^jJa 

(j^QjilA jl ajjAaII sUa] AaUJI AjoujjjaI] jLoj tA-a^iJI d^Lu^a jj ^ Preventers) 

jAj .AjcSjJa ( Sjja t"lVl dl^olj _jl niYll JjJa jAjJ 

jl ja (-jUuuI -ilijl jA t,3iall olcla JjaVI JJ^I 
L-LuiUa La > >i ^glc. c-lLVL SJjjaII A jib nil Jabi-a cJSjj .CjLja^AA ^jic Lfcjl jiaJ 

* jlLftl s jJu^. .^L^VI <>>l£*jl ^ a^ Jl »U! ^ 

ojSi jA jl t jLLaVI ajjij-^a L_uAjVl AiLui A7. n1 AjJaikLa JajijJa ^caS (jl (j^J 
.6 jjill Ax-Luj JUC Jjl j t*Eil$iJ jl £cjJall 

JaioJa jc gjli ljLjjuu! jIjj jl ^ (Back Siphonage) SJ3 jaII AiiuJIj 

(jA Luiajl j^ 

*_2JjIa jl (j^aikiA 

(j^UaJl A7.n1 jl cc-IaJI ^J-la-J Ajaij (jA Iclijjl JSl (JjjJJJ oIia l_l jjjl ^!>L^al 
1-iir > >»1 jfLaJ t^jn^rll ( _ 5 ic.J .oIjaII AjaJ 1 nil ajjxAll A » >i,nll LJ^ia jA La* 1 ^11 
i^llgl.no A-a^k ilL>L*a j ^ L» > all jjUo I jj U-lUuuVI <jjA£juIj IJIn'l jl iijjVI 
aJjaI jA jj . c.Ia11j jj^aolL L^^ll £OJ-^ S-LJf^ CS^ ' ^ 

jA jxll (_5-lc UjIjajS AjsJIxa oIja jC 4 .lljjjl Laa 1 '1-1 jA ^cjlill Jj^)a1I ( ■ iLluuVI 
.AjOiall Jaa. jjc (_J^jill sUaj jjg 7. "ill L_l jojI ^jJj IjSjh j !)Ua. ^jjljtJ iJ^^ 

^ jla Ajl^j jjj ^1 jA j3 jj3 jj jA jliil! jl^Jjl ^lal Aij^a Jajaul jl 
A^J^j .Ja jijJaAll JJC. eLal! ^ilj f.lc jj ^Lalb jjg L_l joj^ J=JI L-llojouVI 

i_l jxi^\ jh& ( iti^i <— L j > ^"ill L_)jjjl jJaS jj^J jl Lg*^j J* 'J^ 3 

jA JU. U^jjj AiLowJI Jaj V dljao i^Lall frlc. j AiU. ^ 
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£jLi jj 4jjI j$1I die. I jail J (> ^jlLj .(127-6 J^) 1 in. jo J jJtfl 

jl^aall Jaa. ^ ^LjuS <_L^a3 4jaolj *.Lall laiu >i ^33 jl Vj ta Jjir » oil iIiIoUajII 
<__u£jj jj^J La Lllloj .^aUajll JalitjJajl 'ajlol ( ■ lllalj 4ajJjS Jjslja c-LalL 
j»jL ^^JlKj^ jlOjjl £jLa L_u£jj j* 4il£ Jj£l I j/sl t Clll > >y n j jj jij jl ja. 
e.LalL jjg Vill 4-Ujljl jj^J 'jl^ljll j-° JJJ^ '^LalL jj(S aJllI \ir > (J^ 

jl t<L}jljA » J7- a ; (J!La!La (Jx<ala JJC c-LalL jj£_aull ^Ixll ^aUaill jo <ljj*-a 
Inu <i .A^Jaj-u ^Ic jl <_Jjlall AijLoi ^ Lai Jja>.j-a jjjau jl ji. al^aJluilj 
j •-'J" " i-Jjjjl j a > aJj 4(JikJLall i_J jail ^ i_jSj-a ^ajlc. ^Laj^a ^JajoiljJ eLall t-J-luijl 
l_alja. ^^lo L^jUuuIj eLall jLjajL (J^.lall «\i <JIaO L-Uj JJ ^»^*J [£jl jL 
loir > >i Aii-£aj ^J^J BjjjjJaJ i—ljjjlll I^A 4Jiujj <J!LaJJ . (l_ l27-6 (J^-^) L^3^ 
aJI i htIIS <jjIjj^1I diljjVI (j^>» <Jj*' itnl i^mlu 1»» ■ '-- jialjl jjIiLui 
.4iL.laJI ( . 1 1 V. Jjj j| jjj AjfLuLa jJjVI 
Jj^ali ^-A 4j1uI%a1I (-iLu^j^l Jjjjl CjLuLal <joUJj3I 4jujVl ^1 j&I j 

L^al l *!>UJ J^>lij '(Atmospheric Vacuum Breaker) *lj$J! *!>Lvl 
Double Check ) <r ^ ^Uu^> j <. (Pressure Vacuum Breaker) 
(Reduced-Pressure- j^v^l U*>>,\\ ^Lo.71 jWll j <■ (Valve 
djljj^ull Ja^i ^ic l$_La ^1 jLjikl ^aiuj .Principle Backflow Preventer) 

C.Lall lIl^Lu^sjJ Clul£ jli . jljjjl "(j) ili^z. jl La ^ AlajJalall 6jlaLaw«ll ^ji&j 
ia-aall JaaS jA ^.mlniVI ( ■ iIauuVI jljjjl ^jLa jli 4 i j-a 1->t i ^il 4jtjJaLi.j ajilLu 

j • (Air-Gap Separation) ajj! j^ll s jaill J^lil ^jai jus-all l-i^UJ I 

-LMiaJ cAa&Lu^ll Cjliukill ^ 4j jaII Jauull jA 4jjI j^ll a jaill J^li 

«.!1L1 j^aLaa.1 JjlU-a <JjUJI ^aauJall AjC jS/1£ t^LalL ^Luuill i ^all 

L_uS jj jS-aJ 4jli i j«a VtV » >i\ AjuJjIaII jac. ( " <1 BjaIslIII Lai . ^llLa j -iLual! 
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(jioia VJf'b ^"IjfJI SjaiS <J^ai L)jji-^l o' (<-h) -*bUU Ji*^ 1 VJ^ L -* Ju2a j^f" ^ lt" 3 -^ 1 

(Vacuum and Pressure Vacuum j$JI <_L^li o^jj 

cU^Ull ^ua ^ A^aaall jjc. ^ jjaJI ^#.1*1! tiJjaia j^^uc. Breakers) 

jj *.Lul jiLa <^jAll 1£j\j jLnVl j^j liljaij ccLall 4-iLu*ji J^iLi. 

AjJ jj c C iii« fjUll ^UJI j.^v.11 jli i (128-6 Jlill) j^y L^j .^UouVI 

^■LajJI ojjC. 4 '^j mil £laj La lOAj .Ajlioll a jL ^ a . ^ill oOcla ^gjc j.^inll Life) 
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jA ^IjgJl e^UJ (Jj^alil (jnWi lilliAj .i_ui*ll Ijj dililij] U^jljAj Lu^jJ 

J) f.Lal\ 4iLjal ^jfLaJ dlia c-Lalli jjg a^lt A U-> <\\ (_£ jlaJI l_J j±&\ ^jJc 4-l£jJ 

j»Uajll ( -» > ^jJ La c4 a (J jia^all 4 \ n (jls t#.(_LJI t—ljjjl (Jj- 1 ^ J-°^ 

4JLjjL CjljiaJ «.taJ Jj^aliJ ^ijii V .Jjla-oll iiSjl ^iaj '"'j^: 




.S^jJl jUii uUuu) f u3i yi p) jfit ^*Uil jlatSfl j^iU! J&j (!) ( fl ja :28-6 Jii 

(Backflow Prevention ® FEBCO :<> Aialj-) jyjjS ^Uaj 



^laJ .(29-6 (JfLllI) ^ ^jJaj-a jA La£ 4(_pajU Jiaa-a .n > s\ j (jiajlj 

La-lic- (J <t I _a>^_LS ^-ajaul «.\ j^JI j»Laj^ ^JSJJ t i-jl-lMuVl jlijl ^Jaall ^\ <\t n 
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#.Lall cJ_J^ ClL/L-aj (jj^J 1 cJaijJa (Jjl^Is . (Jj^alfl]! ^ \'\\ y 

.AliaLui |j|^a iSj 3 ^ V o\jla £A 




ft > j»U-a dljS j 4jjilt Jji <jijlj ^ylc J^a-a jia ? Uua jflaj laud f-iUI J^ali ^3 j£ jjaia :29-6 J&S 

(Backflow Prevention ® FEBCO :<> 5ialj-) iJkJI CaJ *l Jix. jja o^U ^fc J-a- 



(—a! ^>LI (j-a <-J^ UJ* ' ^ _^°^ a jJj'Q^ « '—S3 JJ ^^aLaj^a t ■ IjS Jdll ^jfli f-i'n La£ . (Js* i no 

(JSjjjJ! ^ J^JJJ . -5JJ^> oLaJ CjLai (jplc-j j^^-] L>a Jg'qVlll AjujVI Jjj'li^i\l 
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^la-i-ga jli iJaiu^all e^Lkj ^gL^aUj (jjl*JJ l-a .jlHi-a £_laa]l ^l^u-a <jl 30-6 

J ^> Ajlijll ^^kiuij (Double Check Valve Assembly) ^ jj>JI ^Jaall 

jlijl j^yi 4j\l _j1S lilla^j tij-o t_jLluijV 4.t.iJaLa. d^L-a j ^ "Lalui jjc jl_j^ i—lUjoijl 
. jj j-a l-i» > >i\ AjuJai^. jjc. dL^L^aj "LaLui JJC. J jjj^a 1 ■ lljm'll 




(Backflow Prevention ® FEBCO :<> ttalj-) JSl— 



j^aAaJ^I frii.i>ill (j*AjJ\ uLmuI jIjjjI £jL« 

Backflow Preventerreduced-Pressure-) o^a cjIWs^I jli jl Stal t_al!_u 
Spring-) (j^ajlj (^ic j jU^ joLaiLa ^Jaa ^Uj^j (j-a (Principle 
^ijalajil SaJi i al U L£jjUjj jl Ja*j ( ajikj ^Uu^a ^ «(Loadedcheck Valves 
j^al « > all j .^Jaall ^Uu^i jjj ^-Jaj^la « (Pressure-Differential Relief Valve) 

^Jj AiLjaj AjLkU C-iLU^I Jjiuiu (j* (jSaull AjLla j jjljUll jjjj^UJI 

AjUjVI (JjioJjll I ■ nil ml j .Ig^/L^aj l— S-igJ o-li. jll j lila (j-a (jfLajll 

• 31-6 (J^ J -*1I i"il 1-i1-tn <i A -\ , >i ya lj& 4ijjL^3j-all 
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jU^uoljj (jU. jjia ( «Jaa]| UUu^j .(Normal Flow) ^Lu*^ •! 

tJjVl ^Jaall ^U.^a ^ "jkll iaa t aaau .jIJjjVI ^jU jjc- jjj-aftj ljLuu£U 

JaijJa jliLa <jC Psi 11 J 5 jl-lLaJ Jo^l A > <all jJJ £Sl jl! (jUajJ! ^ > >y\\ 

tLillc jl^aVl Saiuua <jj£j La-lio lili-a ( ajiaull ^Uu^a (J Jc etLVI fJJj . jjg <\W 

L yai\ jj a jL jjili-a ^laall lala^ jjSj .(Static Pressure) Jji" iax^a .2 

(JjL lili-a ( ajjajjjl ^Uu^a JjJj .S^jJI JJC- L_ llojoul Jja^j ^^C- £»a t CllLal ^ > ^>ll 
.((jlaikla JaxjJa) Jojoi jVi JjUajj'lj ^Lalb jjg aJill Jjliajj 11 psi J 5 <JJJ » >i 

^Jaill UIaj^i .(Back Siphonage) Sjjj-* < ULyui .3 

1 ^ «1 m t ^Ioii-i (|j^'u JaxjJa^ JajoijVl JjUajllj c-LalL jj^-aa]| 

oUx ^! djjjjaij Ijj lillj J^J .JauuijVI (jUail! J ajy^i a\\ aLuJI (—Sjj^aj ^^)JaJ 
.t ajjaqjl ^1 At t-t i . ll mjjjuj l^jji CLj^j^allj Jail L_sja (j-a ^Jaflll ^al <\i t-i (j-a 

(Back Siphonage & £j-»U*all CjjIj Jjj* Lauiaj S Jjj* Aaiuj .4 
4 JJai-J ^Ja jA L£ .Back Pressure With Both Checks Fouled) 

.(_£^aJ jlj^a jl L_>_jjjVI JJJ^S (j-a ^J^J ^-a 1;}J_)^ ^J^ 4 (jJ-aLaj^all 

JaxM jSfl JjUaill ^aL) JaijJa jj 4JUJI s^A ^c-ajau 

^ ^ > JJ Lalu t^ijjL^aj 4^.^ia ^"n > n ^JalSlI ^\ t\ \ ^>\l Jj (_Ji.l^ll Jj^all I ■ <lj>n'<VI 

. jjSn ^JaSii ^ Ja^jVi jjiLsii j^i^ Jj 
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<x!>Lui3l (ja (_yiaikla]l l-tr ^ joiLm t t_lLuiij| jljjjl £jLa 4jjlLa (j£-aJ 

^Uaj ^jJJ f.La]l La . >i (Jaj a Jy-aJ ^JIaIj tiillj ^1 AiLial .AjjIj^J a J^i^ J i <aij 
La i alt a U,„lj < 4_}jLa]l dlljj^aall (J.l».uQJ _^aVI I^A (j£-ajj tillfrLoi^]! djl-ljiaj 
AjuUiJI t " \ \fs jllll jutn'n . JjjI^aJI ^j-a 4jUj1] f.La]l ijjjJ ^Uaj ^ LaJ (JjoJJ^)]I 

4 4jj^x-a]l L_iajj]l lllLal a > ^j-a .laJj ^aLaj^a (j^C-jj jl±la>VI jAjLii^a ^1 
jJ^aJijj (j-aj .(^jiklj ^Lax^al £jlal\ C_S^)Ja ^^Ifr I— iLlmjt -iljjjl a\-La l-ii > >-x (j^nial] 
jjy^- Cy tS^y^ CS^ - t ( ^ O"-'^ (J^^-a L_SjJa fjA «.LaJI SaxjJa 

jaJ) jajLLfl CjUjS 10-6 

(_pal jcV <ja j=J sLiaII 2-a VL^jI (Fire Hydrants) JjjI jaJ CjU j3 ja jj 

Cast-) l— b^all OUaJI J^JJ j^?- .(jWJ^- AjuiJJjII $.1 32-6 

^»Laj^a j j-ac AJajail jj <_}a*j jLoiVi ^ aLu^ajj <_ 5 lc.S/l {y> a^jAj (Iron Barrel 

4- a jiaS > ^il ^ J^J '(J^j 2- a jiaS ^jia j^. (J J& 

^Jtc 4ia ji<J| diU^j-aJI (jc ^alill jjj-^l (j^liol c2 in. ^ j-^=>-j S^lc jj^j AjilS 

j (jjljaJl <Aj3 (jjj (Jj-al jll jiaS a^lc (jj^J Vj . (J _>UI 4-"^-?- 
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Jj*j £t-<uiai ^Laj-s ^jlc (jjia-ij (150 mm) 6 in. qa Ja! ijjjjj jll ^jjjjJI 




Mueller :<> 4Sa!>»j l^xJa jU^) J^jlalJ jjU- ijjSjj jyja. <Ajii y^jc =32-6 JlA 

(Co. A Grinnel Co. 
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jjjjjjl Ajalai p\At/\"\ £i\hh\ <\ 11-6 

A<aA (jx a.la.1 j Ajais J *.lalL jjg aall lj |jU .eLall liCslglJ J J 

(_HajVi Jc. jlji- jl ^j^v 0 L)'j^ -'j^-j ' . ^"'J u!^ '^-yjljVl 

(jl (3* J 'J . 4-jjiLa Jajao-ka Jc- ^IflJ^U o.lvoll (jjlaLLall J jj*-a 

/jkll J jjj «.lall Jail i_fil£ .Is. Jj Ajjbjjill <joUJj1I Ja JaaJ 

tAlaLoLa jLI j-a <aila-a Jalii j-a 4^ u'i'i ^Lall <_Ja..i |jj 4^>a.l ' . Til ^ (j-aj 

t jir i <-il jj jSj (jl Jtlllj t_njUV I ^»Laa.V jSuaJj j j^a-all Ajijoi (j lajiaJ j^-aJ 4jji 
.A^^Jl^Loil lJj2 SjjjS dAaLi^ ^JaS JJ£=>ull Je jjj V <oV J 

ia-Vli .^Usull ^aj^>J J ^LjjVI (JaLJI jj^j j' JJ^N jfLu 

^ajjx jlfLa j-a c-LalL lg_}3 jj^aull jj^J jll Jj^' i (jjSj 11 jyalLaJI jLjjc-VLj 
(j* «.LaHj jjg aull IgaS JaAi jll ^ ja>Vl j iL-Xu\J)}\ A<oj!L Jj Ajliull jjc. i_jLuaij j 
.(jjja-all dlLSlji. J 4iLai J Jc^U ^jJoj j1 Jifuj ^liSj! 

Ajallk-a djlclijjl Jc- ^ISLoLa (— LljLil i")Kjui IgJ jj^J jl £jjjall 4-aJajV <j^-«J 
oJjj-a L-UjUIj A 1 > <aJ o jj^J jl jl AlaLoio jj^ jl I JaijJallj ^^"lll 

j»Uaal jj_)ao j'3^ 1 JJ J 1 . ' T 1.) t*ljl»l-a jl ja. ^)JC jl tJaijJall t ijiaJ lllLal <u 

.(_£jlxll £jjjjll ^Uajl ^cjJallj L_ la-m jl ja. JJ-^J ' 0 ^'"'^ £OJ-^ 

Aacl L ^ill clila.ljla.^11 ajjjlxa ^jIj c-Lall l^I^I ^luil Ja-aj jj 
djl jjlij u j <jSI j^a J jl"''"'Hj O^S^^ ^I.^'udV lajJaaull ojlc i ihjjj 
^•j^all ^Jj jl Jj IJaj (JO^i ^llallj .^jjjjll a£oJL J ^Lall iil!)l^Ljj| 

.AiLaJI 4juj (jJallall J AjjSjoill (^Jallall J c-LalL l^JJJ > ■ llW'n Aajuiutll 
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t(_)Ja*jll 1 g > a» 1 ■> J <%7> ^JaJJ^a 4 jjji-all -7- a j t^^ulill ^-UjLlI ?■ j c^cjJall 
(j* J^Llj '(^M cs^ j*Jtl\ (>aj*J jl (j^AJ Lgj* ^ s^Ljll jli 

L$i VI 4<jjU-ojal djl jliic.1 ^jk. jSjjj '^La ^Lkj Jj^*j J> JJ <— ll jLj=>- 
ojUiVI L_aJL£j jli nilli ^^Ic. aj^lc. .4-<ula]| (jsIjaII (-j^J^ ^ £ 1 

I—UjUVI i-)^. u^il AiUail a.Jjl jlall <^J0j j 4^>LLa3 .j-ajll £-a JJ*JJ JjVun\l j 

dsV-A*-a (jJJ fll j Lubalj 1 ^)-£l jj ja-a djlj|^i.j 4£cjJa]| Ja jijJa t ajjao] 1 <>7» ^ ^J^VI 
AojaiAi^JI (—al^AVI jji 4LllVLaJI ^J-aa. (j£l j .4jjC.^a ellljLii. 4£LjJaJ ! l 

jjc. ( . 1 ml La \tr y >i ^gio AjaaLa-all > n a ^jLJjjJjA £ jJj Ja-aj jiaLj (_gJ« <UjoiLuiVI 
jaJI CllUiLla Aajlil 44jal£ dfcjj^ J 2^ dj| jJS (^C- J 44-a.iaJI 4lLia 
4-alajl jgiaJ .^jLj^II jLull llAfcUaiii! j AjoUJjII JLL&VLS ££jl jla\\ j 
ASoj!L (133-6 L&^l) J^i '4 .fJfi'^W (jfl Al^LoiVl ti^Uall AalLill Ajajaixall 
.^iijj-a L^3^J ^-a^ 3 ^ «L}]Lc. ^jJa Ajaa^a £-a jjju^a ^aUajl AjjIj^u 4-UjLiI 

<]aa^a ja Laj #.Lall ^tjJall 4jaa-a (_j.il (_>ajVI (_g j'iui^ <__A C ' (j^3^ LS^^ 
^cjJall <ixi-a ju __)j£l AjoUJJ 4-^^)1 J^J^J •* _>-"Lxa (j* 4 J' * "> ^ * ^ 

jjg Vlll 4jjik-all c-Lall j-a 4 1ml la 4a-afL Jalsua.VI jSxJ 4£J9J j >a1I (jl jajl j 
^- jUll (jl .jl jiJL A kia oil ^Uaill (j^uia Aiklall ^ «.La]l (j-a 6 jjill djLa.lila.lj 
^ *Lall t_J jjoUaj jj«-a tftbVl AjIIc CllUuJa-a (j* ^cjliJI j 4^Uajll ^ JJ^I 

aJ .^ijj-all (jj_)a^a]l (jl^) 3 ' 
La c^iljx a^C ^Uajll qa* 'r\ a ^uLia #.Lall (i_ j33"6 cJ^dJI^ A -\ t j 

^ (jjjiwall (jljaJ AjaUJjll t ajl hjll j . jij^al jLLal clllj t_UjLil <_u^joj ^ajoiJ 
^■Lila.V LiSj jLlVI cljir. ujJ ^JJ .^LjJall dlV^«-a (jaj fll jLuiaII j jail 1 '<n\\ jljSluil t ** IJjm 
^lila.VI A n\*\\ ^3I_»a1I (j-a 1 aL£i J^c AJjAj CllLk-k^ao l_u£jj ^JJj 4*La]l (jj^Lj 
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/ 



JjJoJI L)!jj*J jij >>fl Ojji-tJI L)U*J (i) -fcijj^l Kuua iakLa :33-6 <Ji>i 

^jjoafSI ^ j Jail l^t&l ^i*^ ^jj-fl jWVt jju (u) -fcUJ^ fUaj jjC ^jjA^JI 

jjJjaJl fjjSj 12-6 
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J-ia-aU C1l>Uuuj (JJJ jJ t^ijij teLall JAaJLaiV 4ja£3I dil jj^alllj .jVl j* 

(JiU. t^LjlolVt 0 jjj llllcLui Ca^^x^Ij i^A jA\ tSl^ialVI S jji] J jJI 

jau A Ity^ya t_£J^.\ (_LiljC. j-aj 

(Minimum Amount of Water A^tlall Lu^ll 4ja£ jj£j jl 

LS kxuj .4-* laSLa jjc- 4-a.ii. ^j-iajJ La AjsI^ t#.LaJL jjg aj ^><i j^ Available) 

ja j-a La IjjoiI ^jil^J t alia tllljloi j* a\»ii\»h ( ■ liil «J JLala.1 jLu&VL ikjJ jl 
jjg Vill (_L>I (j-aj •'LjSjaJI sLiaJI i . n i ill i fi (_^aliajl (Jl t\\^\ j tAjjLui ( al q-^. dlljiioi 
jjj^SJ ^Ic. aj^li aOaljll ^gjLJI <_L^aal1 jj£j jl ^Jt-iu KiLaJL (J _aJsuJ1 

Aajj jaill Sjiill jU c4-alc aJcl& j .4-aii till jiui jji*J u ^£i\ <_g-a jail ^Lua^l 

jj£j jl ^giflj (Storage Capacity of an Impounding Reservoir) j^L*. jl jaJ 
cj| jiaJI J^U ^^aS/l ^ jJ ^Li^VI f U j- JaVl f jj 30 ^Lu^V AjjL^a 
<uU t(Well Supplies) jL^L jo^alL (jku La j cl^jAjj .-uoUll ^i^^JI 

aLud! l_l jjaila JajJA ^»Jc- li& ^^j*-" J 4oLa11 jLuluil <_jl lilliA jj% V jl ^tj'n 
J£j£j (JajjA ^^2 J£J gpm) jL5U o-U^aJI S jJall V j ^ jiuall AjS jaJl 
CjI ui2 ^lliLu.L a-LaJ AIsIj ajall a^A jj£j jl JLaLj .L_llkJI ^LojL 

.0^.1 j jAjJ JMi. LjJoij J.i*J 4iaiia 

i Mill Sjia 

t-yaj ajjj£ (Intake Capacity) AjaJaxJ l aLuJI i jmh ej:£ jjSj jl < _ s *ji! 

t!Ala) A-\\\* a\\ kai a j 4jj^all ^>l ^"unVL ^Jj oLw dlLbal ^j^Sj 1 g jS <\j 

.ojjill ^Lli.1 j* ^1 J!>U. (Filter Back- Washing ^cJi j-all tij ^a <_L>«c- 

jSjla jjja- 8 t^LlA j^J ^jJ jU c^ljiJI aU-a L_lLui»j| CllLdiala jlik-VLl ii.VLj 
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C.LLLJ ^Lual (j-aljfLa J^JJ (^J^ UJ^ 0' 4^ t-la^uj ejjii jU tiiUal 

4jaa-a j<M >i A-^\\r m\\ t"ll jl^r. i"il ->.l j"Xl j <\hr-Vl ^cLuJI t-jLluuVI J cjjjl^ajl 
l_Ja 4 .u3jJ 4_}3la £jjjjll jjja-a 'S*^ tllila 1 <U-ia j «^)a.l < ; I'll a j-aj .4->11t all 
(J-a\£ll jjja-all 4jjLLa (j*<\ > >>"n ( ■ la mil ajj2 jli tijjljajl elj-a t_lLuiij| CllUlLia 

in j .AjLaLauJIj 4_JLaJI t"«UK*-vNl AjjlLuul aLuuJ 4 ^hr-VI AxailU ^Uajll ^3 
AjLSLauJI tlllA.Lua.Vlj ^Lil^U oliula Lgjl jjS j c-Lall t_±ajui Jjal J-a j»L>al jjaJ jl 
.JaVI j^ic 4-ajli till jloi (jjoAa. J^La. jlall 4 j^hr-VI 
IxjJa j-a-a (jj^J (jl u*.'*" L*S (lijjj-a eLall '/*>■"' ^»Uaj (jj^J (jl j'u 
A^ailiLa Jl jjLl jll 4-aja. ^ ^Uafljl Jjl tljjaJ V UAJ UcL^a* jl Uaa-a j 

j! i^jalia t_s jjja JjV jl jjlaJI JfL2u2 jl tllLiLjajil] J jju <_jUjuiV Jjjl jajl 
CjUI^j ."^Lij^II jLull ^UaSjl jl ;Cjla*JI C X^1 J JLLcVb t3ku LjLu-V 

^LLiil ^1 t-jluUJ V tl uaJ Aijjj^s pLall cjauui (jal ^a jjSj jl ^yiji) 4<J ja.1 
,^t\'\->. <\\\ c.La]L jjg aJ <Laaa. ^ £aIjj jl (j-a°j (_£U (j}3j-all (j«a £ ja. (_jl 

£t«ua3l 

C.UJI (Jiu jajjuu £3j Cula-Jaa ^ jSj '<_g-aj J-aj 4ja Kmll alj-aJLi jjg aj ^Uaj 
^Lc ^ij tllLa ir^A ^ jSj 4aJLe»a]l J*Jj .AaJUuall 4jaa»a 1 g W\j j-WoaII (j* 

jjjjj Jja.j JLa. .^jjjall (»Uaj ^i] ^L-all jjJI jjja-a (j* eLaJI -IjjjjJ 

jSj I jl jaS j .AaJU-all ^laJI p.La3l Jiu tlllajJa Jl ^ jSj cAjS ja. oLlb j-a 

.4LuUJjll (Jaill Ja ^aiaa. s^ilia Lj^Ua ^^aJ j3 jLVI jU cAjjlixa 4AJU-aJ| 

tUal jL jxta 4\LLilall tliL&lijjVI tljli jjjlaliaJI ^3 jl ojJJall ^Ljj^JI till «laj]| ^ j 
j»Uajll ^jjjjjj] j jjoll 4^ iui Vt» > >ill SjLjjJ 6 jjaua i " il * >\ a i ■ lilalj ^3 

.4joUJj]| ^cjJall A a jj-a Ijlilcl ^*j| CjliLui-a ^gJI 
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Ajjlia-a < ■ iIauuI dlV J«-4 j JajijJa ellaj eLall U^ 0 ^ oj^S ^tjJall ^aUaj] 

.ijc. cdjU.Ljli.VI Ajjjj ^Jc Laj ojiS ^Jall JjSj <J ^jujj laa .L_l jllxJ 

jla jli c^AlaS .Aj\u^\\ CjUUalaJ ^lall .jjc j ^Uaill <J 4iaLi JUaC.1 djj.la. 
(j^s (")!■>. i ^><\\l dja.^)a. j]j ajjLall AjaIoC-VI ^tjJall 6jJ3 Jl Jjj^ajll (j-a 

jla J Uij^a jlal ^Ijjoi tJJajll jjja-a (CllVlaJI (j* JJJa Jj .4-a.laJI 

^cjJall |»LIaj CjLijaA (_j-a LljfLa to j^»-a ( " ll ^ * ^ <n .i_&a.j £*a (^HajVI (_g jfti.rtift (Jc- 

<acl in<i JJC lilli j t<Uala 4a. J) _a-a ^cjJaJI Jjal^a UJ"^ (j' LS*-^ 

'"<'*■>■"'' V ' " 'J**- Jj-^ ^5Ua j J J^-JJ ''^■^ Cj|«l*-a -\_»a.j tCjl.la.jj'l 

t< — fllS, JJa. 4jujjaill ^UiaiVI Jc Sji3 jjaj <jt Jtjjj AiUall 5Jj^jJI jjL^aII 
CjLc-Lui Cjla.Lua.1 eLul J £j jjiiJI (jjjp^o jiall c-UJI Ljl^jlujl i . tilli j 

CjI ka « Tfil Jja.j Ak-j .(jjjail <-_i jiLuJI p.Lall i—iLuai! lillj J LaJ tSjjill 
4jjaj-a]l A ka all jaII ^Uai Jc Juil t4la$-a o jj«-a AjluUi JJ J 

iajiaaJI jUaal (jjSj (jl ^in'nj ,<jjoi 100 J 50 (j^J ^ J^J^ ^J^^ c, l C-Ljir-i.Tu 

12 in.j c^Ull ^Ua.VI ^ 8 in.j Sa+&J\ ^Ua-Vl J&l 6 in. Ajcj^ 1 
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t^JJaC. jl ^>jai£ Cllj.la> JLa. C.UJI l ■ iLluijl i— sSjjj ^,<uin\ lllLal <\ > ^>\l jj-a i ^ 1 1 v\ \a 
CjIAjS ^JJJ -5_tijVI <j-a 0^1 j 4liS ^ <La-^l ^J^J V ' - La J 

.(ja^Ull diLa-ii. i . <i jjjLua (.s^- Jj^J^ 

1. Guide for determination of Needed Fire Flow. 545 Washington 
Boulevard, Jersey City, NJ: Insurance Service Office. Inc., 2004. 
(<http://www.iso.com>). 

2. Distribution System Requirements for Fire Protection. 3 rd ed. Denver, 
CO: American Water Works Association, 1998. AWWA manual; M31 
(<http://wwww.awwa.org>). 

JjLula 

"J\ 6 Wirt 11 CLiLV jll jAx> ^ «.LJ JLa*U (Jiaua La 1-6 

-kc.ty jjubll jA La cjoiiaUll (jjLjll (JjS (jx LulLc.1 ftLJI JLmlLJ jjfL ^alliVI 

Jojuj jla j i ls x^i\ jJI ^Lua-Vt <>W 4 100 gpcd bLucI 2-6 

Ijl-iLa La ^»Uaj ^ 4j ^^j^ajJ ^ill eLall jaa * >i JL>-a jA La 3-6 

?4jj£aill (3iallall CjLa-li. <lS%^ jl j^iiV) J ^gJ-asfyl jJax^l 
£jJa t4-6 ALU-all blliuil .^jjjjJall JjjIjsJI oUa t—lUudl L_Sjfr 4-6 

.(JjjjaJoII JjjIjaJI aUa <_lLuij| jjJSJ ^ jLuc-VL Uiaj 4_J=kJ ^1 JJjaJL 4-<ul3 
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(1) :aj&\ cJj&uti ISSj 1-6 Jiall ^ ^ulSU NFFs _JI t_jL^ ^cl 5-6 

jl £JJ C-Lb .65 ill. Q^3uA\ 1 <\g I ^IT J (j& jl^UJI 

gpcd (^) '2 h <2000 gpcd *2 h <2500 gpcd (t) *Jj»Vl) .10 ft 

.(3h .4000 gpcd c3h .3500 

Jjjl^la 4 \ w<\\ {ja jjfLa ui a , - j£ 1 1) jliixj 4jj;\ln<\ll soaIIj C^' * ; bal^l 6-6 

djUaill <_J£j c^J^ ^jlla ->jft.^-l <jx jLLa f.\lA\ .450 X 210 ft aijul j 

jjc. iliUaa ^ jlao 450 ft U-iUi <U (jjUsus jlj p.Uj eliJI la* 

(JjIjjJI slj-a <_lLljaij| ( lui^l . JL^ajl ja/s jjj Luj t90 ft a&LuJ 1 g i J AijlLa 
12 ft AiLawi ijAjJa (JJJ^- tjA j3 ClulS |jj .^jjlall ellJI I LjjSj lLaj gJJ o (_£jjjjJaJI 
J |_Ja ?(_£jjjjJall Jjjl jaJI eLfa t ■ lljnnl jlaLa j-a I^A ( iiij <_Ja jc 
? JJJ-a (ji ^iLjLa jJjl JJJJJ 4-aJajl 

ijjli JJC.) iSJ^- 4 " J '105 X 115 ft ojUJ 4 jjLUa a*jao 7-6 

4 <\ j n i syi t55 X 75 ft ojI*jI JjjUa L>* ( ■ u\ £ <i s-lij ^aJa-all jjLau . ^^ji^^U 

115 ft Aclaijl £jUI ^xlxaJI jloa. JjIL .(jjljja^U <Jj15 jjc.) J^jsa 
J jjoiVi (J OAAjill j'aajl JJ^« JU^ajl) jla.^U (JjIS ^a-<u^aJ j-a J=»..La ^^Jc. 

Sj'jj^ La^ia J£ ISa js ^12 .48 ft a*j LS ic (-ul£^II f.\lA 55 ft A£.UjjI ^JUll 
350 ft^u j pJoA t> 500 j 200 ft c f >> jj pU-ij 

t (j-a <_J£J (_^jjjjJall (_3j|jaJI alj-a t_jlxuul c_lui^l .(__ul^all j-a 450 J 
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x 130 m aAxJ cs-Ac- f^aj ^.1 j Cy uj^° ^j^- 0 j^j" 8-6 

a.iL«J <_£jlc ; -. j ^ > ^>"i U^M-^ 3 (>> ' . & S a p.Lu ajjl=o .3.5 m JjjUall ^lajjlj 30 

30 m (jJUl d£jU jj^I J.ia> .£ jJ jlJ 42 jSU. <aaa <Uj t20 x 30 m 
Jjtial! 20 m ^3UI Ui\$*l\ ^ Ji^ U .JU UteA ^1 JjUJIj 

ala-a i . iLiuul i . boia^l . LiJaaJ LjjJaju jc 0.6 111 AiLom a jjl 7. jljaaJI .jxjj 

AjIjIc. "-lljjJ AjjSjoi AiLlal (_£jjjjJa]| ^IjaJI aLui I—jLujuI jloLs La 9-6 

AikLaJI auA ^ JjI jaJI CIjU j3 jjj <_i jliuJI a&Lull jA La .20 ft £JJJ JjliaJI 

^aiaJt ^ (jl ^^JJ (j, > f-i^ I (JjjIjaJI °^** L r 1 W Ja ^^ J* ^* 10-6 

jj-ato (j£-aJ <— i£ jaJI <aiLLal <jjj j-a _aaj ( _Jc 4-aJ-iij ^Jfc aj-lla tllljiLlI 

(j>a ( _ s Jcl JjjIjaJ aLi-a] LjjjjJa LLjjouI ^liaj ^il] 4_ujVI ^ih* ,a\ JjjIjaJI jLaaJ 

?aiA AaLaxll J j-oaJI 

^uUJjll *LJ 4-aiaji CjbjLa ^ La ccLaJL jjfraull aj-iS AiLja] 11-6 

jaJI aLva ^Lna^l t"il iljaaal 1 (PjjVi 4j3 jJj fjj' 8 .*' j»J (^ill iSJ^$\ 
JJC. ^Lla J l> UJ^ 4 cs-^ 4 lLjU. jjjl jiaJL jia. 12-6 

jJ_aiaJ jS-aJ ( \fi ?jiaJI *.Lul ^ji Li.jjLa JjJL JaUia.VI (j^AJ ( \f> .tiujLala 
(_>aj ("1!^ ^i«J La 4^-aiiJI jlJI ^-^J ?4-a^aJlj 4jtjJajj JjJI 

^jLaJI ^Lall ^-a JLjiJI diLvja jjc J _&i.all ^LaJI <_LilaJI 
La^ic lilLajaiVl JjiaJ J 2-6 J^l' ^ ^ j£aJ 13-6 

?4jjL> 4jaJajjj aLi* 
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£3j3! £jJa CjUaa~a <^fl Sjlc ^1 SijUll CjUuJaJI ^Ijjl La 14-6 

£jjjaJ (_L-ia3l tilljjLall AlAaJI oi»-a l_ujLiI AiLui Jf«J ^LaJ 15-6 

^liaJI Kj&uill JLUJ ^| UJ pUafyl ^ La 

("fcOJSil f Lki" ^Joia Jjj 2-6 Sjiillj 5-6 SjiiB <J ^ J) ?4jjU^ 

• La JjioJ ftUaJI 4l^> jJ ^LaUJjJI tllLY^all iic. 16-6 

?7-6 £^=> j*M <r*H^ <-M ji 17-6 

— II ^a 4£. ju^>^\1 (— jjjLii CLllSjui Joj^s jJ ^JJ ^JjS ?8-6 J^jill ^ t*Uj£ j 
j A-a^J| Cj^L^i j ^ ^a, Wi,, U\) Af.fu^] (-luUS/l £-1 jj! ^ La ?PVC 
■ 4alaba]l 4jj jlull cjjjLlII JaUuVi il^LaaU l_L^> ?Cj jaJI Cjl.ll.laJ 

^cjJa]| ^ ^ jjj ' " j SaJi > >i\\ diLiiLja ("il^. ui 18-6 

^jjjj^aj jlc. t"il jja La <— 'LLu lL>' l>° J '(j^Lc ^ a 



(gpd jjjLa) ^^all J^*-a 






3.0 


210 


3 


4.6 


175 


3 


6.0 


125 


3 


5.0 


200 


4 


6.8 


150 


4 


6.0 


220 


5 


7.2 


200 


5 


9.0 


150 


5 
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^ a j " La£ iAj^lj]! CllL^-^a al l ' a i ^ j . jli-. i - \\ <W \,X diLiLull ai& 

jSuill <J 3 null ^jyall a djUlsaJI a^A ^1 (_>ajjal (t^) .4-4 SjSaJI ^ 

(jiSjj La£ 16-6 cK^I ^ 4 null L_Sj^)iall ^Uaill L_Ljj^aJ jlfr ^Wm j^jl -16-6 

jo& ^ t (6.0 mgpd) a j^a (jj^al J^jj mU^ 1 lS^ (z) -5-4 0 jmJI ^ 

£Jjtj (JaxJ <Uaa-all jl ^jiajjal (j) ?L_SJj^alll 1-iir .^-i ^Ll) ^Sj /^XalaJI tllLkjJa-all 
L-ajj>m'lll L-jUuijV itlSaJ liLa .6.0 mgpd J 175 ft aj.12 lJjjj^ij ^1*4 CjUuJa* 
^j-a <a-Ja<a Cll33 jj (jj '"' W J I jLa j ?4jausliJI 4_kjJa-a]l Clia3 jJ (jl Viir >>>ll L_ijjl»]j 

(J j* i Vnl l ^jjjjL^aj _alc lIsULj ^Lj . jn t r-\ ^liLui ^.nVil <-_Ujlj| aSoj! a^jjolxa 

ci^l 210 mgpd A-vi^U <*l^x»JI 4£^ill ^ a.ua_a]l cjlL^il jaII ^1 bllLJ 

<iuJa* ^Ic. 300 mgpdj t(_pa jVI ^cJojuj ^>a 4jaiLLa 4 170 ft o 4i>uJa-a "jk. 

.130 ft ajJ "jk c470 mgpd j t'jk. 150 ft ci^ 410 mgpd j d65 ft ajJ 
t48 Psi j «71 Psi ooj o^J^ M^^ 1 cs^ <^ -k*^ l)Mj 

(JLa^a £^J-* -i-^J t l-Lj i <Vlll jlc. ^'iVu ^uaijl .64 Psi aj^a T— itt \ 'n JojoijIaj 
loir i >t\\ Jojoi jia (JjlLa -A i ^><\ll ^jj^j^aj 4-aj3 ^IjJ j»£ . A \-i i n jilall 4 ojqll j Vr» i >ill 

.64 Psi 



l— laj AjjOaI Jlc. ^ij AiuJaAl i—aj^aJ <__sLu«jl j )->ir i >i CliLoiLja < " ilk > a 20-6 
I^U LaS (-sjjx^jll "jlc ilil nVu tdjLojljall ^1 tablJ j .AjtiijAll jjji^ll 



4 alia a aLw ijji nl a 




(1/S) ^UaSlI 


til^ nl 




Jaj-ujia ^lijjl 
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40 


35 


30 


0 




47 


42 


37 


140 




50 


45 


40 


180 


(_g j 'ini It In 1 1) jllttlt 


55 


50 


45 


225 




60 


55 


50 


270 




70 


65 


60 


350 





HI J 100 1/S (j-Lu (bep) £-« Aiiiala 3j 2j 1 ^jVI CjI jj UjU^Ja-J .CjUuJax 

120 1/s ^ (bep) %120 ^Lki j <60 m j 60 1/s ^ (bep) %60 Jjlki j *45 
m j 150 1/s CjiL (bep) ^ <LlkLJ 6j 5 j 4 ^ISjVl Cil ji .30 m j 

480 1/s (bep) %120 ^Lki j <80 mj <90 1/s ^ (bep) %60 ^llu j <60 

<Lal*ll CliliuJa-al] Cli^j^ *nll AiLjJaAll t_aj^L^aj jlc dil nVm -35 Hlj 

«3j 2j 1 djUuJaAll (2j 1 jUiuJaJI tUojLu 1 <iuJaJI ^ic. 

jlc dlUia-La ^JJjl >6j 5j 4 tlllauJa-all «5 J 4 (jUauJaAll tlAJjLaJ 4 4^uJa-<JI 
aU J^li eJlc Jaju (_s _ojoi ^1 CjLkju^aJI La .•Ajuoij klaa all ^jic aUaill ^Jj^j^aj 
1 t SJ > <_L^a3 Jojoi jla '(^) *(JjLjo1I Jajjjla]! (^tUill (Jj^aS Jojoi jla (I) 
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24 £j^a 3Jjl*-a] <-J jlLuJI jjjiall <jla ;3-6 JUall (JjLu (> 21-6 

Ajjlall 4,y*\\\ La .50000 gal ^Lj tflUall ^hr-Vl JbuiLuiVI ^ 4£.La. 

?^jJall 4j jl ja! 7-6 sjaall ^fl SUwuaJI 4_ruj&ll Ajjlall 4_bau]L <aj53I 





<>J» 






6600 






'Ja.L_l 12 








'-a- (J 1 


















6400 




1400 


4 


6700 


6 


1300 


5 


7400 


7 


1200 


6 


9200 


8 


2000 


7 


8400 


9 


3500 


8 


5000 


10 


5000 


9 


3200 


11 


6000 


10 


2800 


12 


6400 


11 






7000 


12 
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aj§ l_u^I .13-6 Jiuill (ji (jJfall t*2li£ J-sj - ii£lgiJ ts iaa* ajuijl 
.14-6 (JfLuoll ^jJaj-a jA Lalia LuLlJ 1 laJaa .n ^uoijlj C<CLa£ljj]l cSGLjJjluVI 

4jjlkJt OLP^I ^i^ 3 't^'^I ?<cLoi 24 ajia jj& dlilll ^aSI Jin-a ^Lj ^ (1) 
Caiall ^cjJall Jisuo ^Lj (m) -ls^WV Is-^'j^* ^^j^VI Ajjla 4jjuu£ 
joj ^tjJall SjpS J!iLi. i—iliall 4^1**] <bjlla*jl ^jjjiall 4jUa j AcLjj 12 OJJS jjc. 
(j^s 4jjla 4jjo»j£ 4jjUa-a]l (jjjiull 4iUa I . b n^.1 ?#.Luia 6j IaLaj^ 6 4X-LJI 

^ eLo]l (jjjij ; ->jjVi jl^r. ^ jjjll (jjjpal 4joUJ^)1I t i\\ h jll La 23-6 

^jjj jli 4juJ 4-ajau 900 Lpli^ jac ^kj cr^- 9 ^Lkj ^ 24-6 
^Lu 4^ j-« OLP^ u' j^J '00 gpm8 «600 gpm t400 gpm c400 gpm 

JLa*i^l j 120000 gpm c*LJ JEk+Ltf ^jlA\ -k^ jiall ^kj .00,0001 gal 

tJJJ=ai t_l jlkaJI L-jL^VI £kl '0,000 gpm28 jJk aUal] ^oKr-Vl ^ jail 
SaLlI oigJ (jjJ 4j| (j^ljaaLi (I) .jjacLui ooa! 1500 gpm <JjL>ill 4lkia]l 
^ ^h(~-VI j Jaj-ujiaJI (jlfC^ (pniVI j \nm <Ja tAjcLu^ll sL-all (j j * aJJ j (jj ^ laJ i n a 
jLVI (>a jiLall JiiS Ajbujlia £jjjjJI AiLui ^ L-iubVI (jl (j^aljjaL ? jjjiaua 

dllj jaa (jj^J ojjaSI i_ilk <_Sj^)k tli^j 4jjLau]l 4ikiall ^gJ] ^ijj-aJI (jjjiaJlj 
<_ 5 Ic ojjla ^jjjjll Ltij^ £-« ijaljjlL jkVI CllK > >> « Ja t ka > all ^ OJJJ^ 
?(ja<aljll (j^Vi.i 1— Ui n'ill (jjJ <\ (jj^)^ ^Lli.lj ^LiiVI 

j] La ^ 4C.LJI u^jjj^aj ^laj (3^^)^ j3 ; -» j .n i taJ ( " ll a > a La 25-6 

Asu ^Ij^JI Ajfc j3 ^gic- (jjLuiilSI l5J^-J I^LaJ ?ojjji^j ( La 4jlL Ja-ajjll 
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?^Jaall ^Laj^a Jc j jl JSj ^\ jIj sJj AJjUid Ja. jj liLaJ 26-6 

J«iM .20-6 Jlill J U . fcll Uuikj ^U^. Jj jaJL 27-6 

. ^LaJI jaa > >i ( ijiauj t ■ IfuUj L^^J " ■ ^^JjjJj^JI 

J ^josl .22-6 jSjill J kiu^l t ijSAj ^Lu^i Jl £jaJL 28-6 

Psi (j-a VtV i all t Majl AJaJjJa Jjj j§ L_uAjVl Jaa. J l_£ja3I ^giLijLajj jVI J > 
JaiuJall (J^iaaJ J=J (j* 4jJ-^ 4iajJI JJjJj Jujj sUjI "J\ J .70 Psi 90 
.fU-all J^j J jjUI jJiSlI £j^l ?60 Psi Jj 

jjj* ^UaJ ^L«u^3 4-aa Jc 23-6 l&^I J jaLLII <k j^ll ^Uu^all 29-6 

^JjuoI i23-6j 21-6 jjK ui ll (ja Jj ^jaJL .CllLxjJaj]! ^ Laj^a jA c<_l*ill 

^Lall <_S jjoila Jc- A h^l -s a\\ I f\ nLa jjjl ^Lax<a3l <k.j-all ^Laj^all ^JSJ * '<J^ 

.Ik- ^UG jVI 

J ^LaJI i—j jm'irt jjc- <JUJI — 4-a.iaJI djLkjJa^s Jjioioj a£aull j£-aJ 30-6 
(jjJ La Jj jl jijl J #.Lall <_l jjoila (jialiailjj .£j9Jj-aJI jj jiull jl^^ 
(Jjj£*JLj cAjsLjaj kAc - ill) > >y a Jjiuiu jfLaJ tlsjmrt SjAa-all Cjlclajj^l 

jfLaJ tUbjoui OJOa-all djlclajj^l (Jj3 La Jj jl jaJI J cLaJI <-J jjoiia ^lijjL 

?^£aujl I^A JiLal J jj^a jll (jJLaJ t Lj£ .oliula 4jllc — «La^k dlli»Ja-a L_ filLj 

ipjj 4 flhil J Sjlc I-jSjJ Jll JUj-aJI (—iLijauVI <— lUiLa Joaj jA La 31-6 

?(_£jj£JII (^Jl A-aiaj| Jj ?AjjSjuJI (jpaLudl ^ jjx 

jjjI alll ^^A La .^PjaJI 1 - ua \ jlaui Jj jojS CLuj L^J^J 32-6 

^ 1 nil «.Lall 4-aai. djX-a j (Jj^*J J U jUkil ^t/ij ^1 AlaUJI AjlaLua.VI 

?<iAl Jl 
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31-6 l&^I ^ ^j^Ji s-iUuiiVI ^j^- 9 ^s-Sj jUy liUl ^j^l 33-6 

t^illLa ^ 1 ujj > ii JJJ^ ^ . (j laia J <i La* i >i\ jljjjl £jLa ajLufcL 

S J^-SJ (J i (jc (_paii»la Sail * '<n\ (_>«JJJ jljJj! i ■ iLluul £jLa i_u£jj i_Liaaj I iLal 

jja ^ (29-6 <_Wi S^J 5 Jj^ '.'^ 34-6 

liLol .4jiL .Aij^aJI ( ■ I uir. jj^JJ ^»Uaj ^j-a aii^a 4 13J i n i . (JjjiaJI 

(j-a (—IjilL £9j^>a]| (jj ja-<dl £jja jaj JjI j2 (133-6 J^Jl) <_gi ' 3' a 35-6 
£"JJlS11 ("-J33-6 JfLill) jjs«J ^£ .^jJaJI 4 Saa a <jc Iowj J^aaall 
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7 JusiS 



oLia 4<— l^idl <Lli oLjaj jjg Vi (jJ-a^J 4jj.la]l a La *LaJlatA jA t t^gll jj 
t^jJal jll j£*JI jA 4_JLi- (_$l — LIIa^. ^1 jJSa AaJla all sLiaII jj£j jl 1 ; laj 

sUaII ^gJtfll iMlttS .AcLu-all (_Jj3 jA 4-jaLlaj 4-aJUtA ja^/I ia3 <il]j 4 _ s Jc-J 

. Jjjiall 4-U"JJ (^jUjl ^XaVl <C jjia <jj£j jl JaJjaII (^1 
jLVI j jLVI (jA eLalL jJull jjg aal AjuLill elaJI jjL-»A jj 

ao^Luj! U jaA cP^i (Eutrophication 4i jjVI) *.IaJI jl jjJsukl j dljo jj 

lia. fj^l Ajcljjll lIiLujIaaJI (j Jc. eLall Aac-jj Oaj*j .AjaJajaill oUaIL jjg <\W 

<_J_jIagJI lIiIjjS c.UjI ^ .4ai.llall JajjJollj tAjjaJI j* (_L^aallj 4^1ja 
tClAAiJI ^^jJaljl j AjaJj^aluiAll JjiaJI jA 4jjjJa*ll .sI^jaJIj ^^aUI cJjoJu jjjiJI 
^)jc ( 1 al l a Li a 1 ** llj^Laj 4_iJLc. i^l^JP 1 ( ^ Sa I I e-Lul ^3 $.La]I I—jLijuuI ( UjoUJ 
C-liill ^j <■ SJ 1 jA jLjjVI ajl^a. CllL>jJ jjLuj .13 j .LjJ jl 7> bLja 
^gic Owj Oi. ^jjj CllljljaJI j CliljjajJI ^gi ^IaII Ajc-jj .1aJ*JJ .JJJXA jaj ^gjc 
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^c-^ILj .4qK <i j A )■* \ i-i til jlall oJj^jj #.L<JI 4jaJUua (jj^jj .^IaJLj jjgjaall j v 

jl c«ua j^JI oUaIL jjg Jj-i^j (^ic aj-ila AilfLJI ciil ^Vill jl j>A 

AosJajoJI oLiaSIj till jj^aj jA ">l;UaJ (jjj?''' 1 '"-' jlfLoJI A \ jl Vj tAjfLaA 
^gjj l^lijaJjl oLaII oiA 4 t> \\r n ^ 4jjIaJI dlLuiloll Jjiuiu -li-iao J^^J •* JjW"*^ 
oil ^AaJLaLyU JjjLaj (_J^juail (JjIS £tjia 

^pixuJl sUaJI 4aJbu> 1-7 

4jjUaj£]| 4jVnll ^ 4_pJaxJ oUJI <=JUx ^ <joujj]| (Treatment) <^Jl»-a]l 
l_u« Jill j { (Coagulation) jj& (Chemical Clarification) 

cjIj^I oUa 2^>jj .1-7 ^ ^« jA La£ ^jjill j t(Sedimentation) 

4^JUla1I j>A <_Jal t_iiLjJj <iuJI jI.1a ^^Sfr <* mjla^La oLlo <Jfr jij tllljljpJIj 

t ^Lil^al^aflll (lAjji&llI j e^^afLxll < qiq^'m 4_i*_Lila]l 4 ifljol i ( Lb J ^ \ otxaj 4j^)liLa 
( l\l ^ l-i \\ j-aj ( ■ Til 7» tj-«j • j» JJ I'th'l ^^jll tllljjlaull j tjjlil j 

.La£_La jj^aliJill L-ixj, ro ; i_aj^pj|j i 8J 1 >-»tl ^ 4_aj|jj ~- laj ' ■ UjolU J3j ojj£j«JI ojljjj 
AjijjL CS J& ojj£*]| 3JI jV j/i-^MI ^ttlVu.iall eiia-all Ajjljoj^il j| jaII £ jj -IaIxJj 
CjIjjjjS) 312Sll ^Jfc Ic CjIjVxiII J&t jl .Aji.^i'^l CjljUc-VI (^Ift j dLaJI 

jj^ll ^LSll -I laamVI 4juLill AjjUaAII SjIaJI jli tjLkj -i&LoiaSj t(^jjiA^I 

a» Sail ^iluaaSI j| jaSI AlljV Jajiittll jjJjill ^^'"'J .^mSjjll till jjaJ jJI 

a iaJluij J13 j .A aJl t .nil Jlaj LaI jiluLlAjS jijjlLA jjlillj Jjl^ll I aIu i4_a*jl jllj 

.Aj^jU. aJtoJ jl ^a J£oa1j t*llj ij'hi'i) V1 ^ylfr ^UJI sUaSI *Jtojl <iluuJI SJjlSJI 

.^laJI sUaII 4afc jj ^jJc. IjiaJ ^^jll ja^l ^ jj jja till JJsul! ^-a (JaUjII tSlli j 
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jjjSJI (jli 1-7 cl^- 1 -^ ^j^a j-a jA La£j .4ajla<u£ll <aJUtAll (_JjS t-^Ui j (— Ujoijall 

A f ei A-^\\i<\\\ <Jjl.ia. j Jjt un (J^aij '^J^ 4 cff^J ' J» ^ "> ^ * a U^ 4 ^ 

jjjaull j «4ia.^a ^ #.Lall ojjoiC Al\ jj ^jj ' " 'j-" ; < (J - — °"' * (J^uu jl (J i n\ > .nil Jc 
dlaj A alia o 4jjUaiS j| _a-a S^uaC Jc Jjjj La ikjj J (j^AJj -c5J^' Al^^a 







3 jJ»J 








j 


" ^" y {" ^ 






JJ&J. 


,x.„^.£T,u-^ ^ . qp "(]~ 






t > 



ijjjlii 2j.>U... s Uj j^Jj . j .fafy Ajiajiaij iabuS :l-7 JlA 



j £>fl 2-7 

t"l laj i " 1 AjjLixuSJI jl_a-all tjlujj c-UJI 4jaJUua c-Lul £JJjjJI ^ j-all L>*J^ 

US ^lijJ £>fl jAlcjii £ >Bj 30 10 J^U^I 

elil 1 1 ^ (jl3^ j*^ 3 ^lij i . u > ^ 'i-V'u uL lilJj (>JJj c2-7 JfL^ ^ <j£us jA 
j_>a11£ ^JJjJI Ci J 3 "' (JJ^ 3 J '^^1 «jS t>« SjUlLoiVI (>a JISj j 
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(Stator Baffles) ^ jUI £jA Sbt j c(Vertical Shaft Impeller) 4ikJI 



3fc 



u2t Jj2 j>UJl *U11 4jjUa£J1 Jl >»U jj>uj i"nnnl ililcliJ jjj^ £ >« » =2-7 (Jli 



(J^xaj "Uj_jla o^a^i. jljial ^Ic oLia]| t-jl.ujj 4_^.LaJI i—lLluiiVI ^ j 




1-7 "UjUaJI jyi j}\ ijJJa. '(jlxij jaj. t-iUuul :3-7 (Jlii 
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(Detention JiUo^VI <> j jjj A£k*l\ <.kl& aJU. l_s jjh £a*j> j 
(First-Order Kinetics) JjVI l_uj jA\ a\£ j*. (jaakL < jjSjillj Time) 
^HUI >UJ t_jU^I Jj Jj^jll ^jSj t^WSI cjnWil! .1-7 *H**L 
<> ^jUI! ^Iji^j (Short-Circuiting) t-iUauVI >^>a ^Jl Ijki o ^r , ^ 
Ailj^il ol jLuij tj ja=JI jljial (Factional Resistance) -Likta <UjU* 
^al .(Turbulent Flow) l-ij K . ^J lJ_u*£Uj ^(Density Currents) 
sUail ^JUJL (Flocculation Basins) *M jJ\ 

(Plug-Flow i-: ^W" 1 cjla^jS c(Chemical Water Processing) 
.O^YI ^ILfcl JjISj] (Baffles) cjIjl^JI 3uWm,« <Units) 




(1-7) 



(j^aj^JI ^3k& = V 

ljI^VI = Q 

JjVI <-xu Jill A£j*± J^xJI c^li = yt 

iij t£j^>jai ^_>« J^-« AjjojLaila A jItn 4 7. \\ f a A laa <i 4-7 J^*^ (J^J 

^jC ojji ^)\| ^^ic-l ^A lnirtl l (j^a_aaJI (j-a ^»LaJI eLl<JI £tjJa ^JJ . L-Lb n j 

jA OuilJI (JjL (-JJJJJ jj .ojj.^ll Jalaill f.\M ,J (JaxII Jj3 Jaaa Jj^jVI A ka 
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CjI l^a^J ^L^aala Clllj^aJI ^ Alm\in ^gi ^^Sal Jj-aC. ( _ s ic. 4jjiLa 4 n »*-*> i—ipl^-a 

AaJUJI sUaII t j$fcll JMi.j .(Paddle Flocculator) Lal^-a I4L> (^4-7 




(j* j^sj -^^a *cs-^ £ (Variable- Speed Drive) die. jjuJI jj*1o 
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Jj c-LiJ L_lLo»jj t n-s (—UjoijjII jl ji. Jl Aj-a-al! j!^ (Jj£" JJC- Ia^*J 
S^Lla 4 Saa all eOA jl lliri. j .(.4-7 ^ J^l' djUl^j .lie (j^ajLal! CJ\ jja 

4_u*jla]| aLa^JI t ^J^' J ClAjlj^JI UJ^ ' J'- 3 '— ^ ^ala 

jjc. iLaj (Bridge) (Blade) Jl-ia-a £ j' j^' Jj 

. jl jill j- JIjII (-i jlall (Rails) Jc jl>JI 
"Recommended Standards for Water Ja*]| ^»Uaj jl ja <J _ J ^ajjj 

^ diljjj *.Ia1I (Jxl£ jjc. ajjUa^II jI jaII i " uj un\ ^^>" Works" 1 

Ajui'iIIj tliUjua jail sjlA i " » * >i j Jal .30 sec Jc Jj jj V Jalil^l jx jjj 4j^jiKj^ 

: J7l£ 4HJI <>l 

aj^SJI <_ Ijij jj-^Jj i— jUjouVI ^Uakil jj-JJ ^jiudlj <_J^..la]l (J_J^ jl 1 . -1 

.(Floe) 

1.5 Jc ± J3 V jtj 0.5 ft/min jc ^Li^^U UJ ^ J£ Vl Jjjj -2 
.30 min ^Vl ^ S j^ll jLiU Jal&aJ j-jj (mm/sec 7.5 Jj 2.5) 

i - i illcjxA JJala t^Tp-a aJojujI jj (Agitators) CjHallaaJI jljj jl ^^JtJJJ -3 

Jl 0.15 mm/sec) 3.0 ft/min j 0.5 j# Uui^all Ajkja J a^jJI ^ jl J2 
(Flocculation and t_u^J^ ~ J-^ 1 o^ 1 UJ^ J S^H -(0.91 
Jij V jl ^5*^ • j^al La Ijaxj Ig . > >>■> . ; jx Ajjjs Sedimentation Basins) 

V jlj 0.5 ft/sec jC <-ll*iijSll (J^ Jj ^ J 2 ^ oj^laJI tXiJi Az.jix 

Jj i_jUuuVI ^jj jl Uajl ^yuii .(0.45 Jj m/sec) 1.5 ft/sec J& JjJ5 

.I—iUjouVI slaol Jjij* .jjc j Cjl.Ua.Laj1 jit l—lljiajJaVI j-a J^aJI t -*J$ J (J^» ^ 

1-7 Jlii 

j<a JlxaJ^ jjij' Jclaj] J^a-all Clulj jl Ja.j 4jjfi-a dlLailjJ Jj I^LiLjjI 

LJ jlkJI JaUS&VI t>j '.M^l .^jJlj 75 ^ it — 1 4-ajL JjVl t_jjjjUI 4j£ ja. 
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C 0 = 200 mg/1 jl Laic .%80 <u^liiV tiliij ijL c_jLuoj| lS^ Jclia ^ 

.Q = 140 mg/1 j 
JaJI 

(1-7) 4j.iU.a3l ^gi (_^aj*j ^Loi (jbja. cJ^i c>° 
og ; 

= 19.2 x2.3 x 0.7= 31 min 

<_mj jail 3-7 

jl _oa1I 3JI jl jA (Sedimentation Clarification) (<jbVI) (JkjJ^ J S^J^ 1 

2 \ \ SM I i__Ujoijj .J J**" ' lilala ai l ja diLiui jail j < ^ oal Laa^I l Clsljo^ilj t* Laj 1 ja St 
(Detention iLMI j<aj ( ■ n i ii jail j^aljaJ .aLul -^J-^J 4juLiill jjjLcaIIj 

La ^ j .(Weir Loading) .wll a! j**. j c(Overflow Rate) j^aaLall Jasua tTime) 
.<UaaVI Ax-jjoJI jA jLutxi t al . j AiiLojauJI diLil jaJL (jl^i; 
j^ajaJI ; ->.) > jSj jjc elilcLaJlj 4jc- jj*j (^•ollj Jalaaa.VI j*j 1 . 'L 

2-7 m*Ji c^jaJ! u^Lu^VI Ja*-a 

-T 

CjlcLaJL Jiliai.^1 j-aj = t 
(m 3 ) jl tmil gal tj^jaJ =y 
(m 3 /d) J gpd y-a jJ! t-jLuouVI Ji** = g 
^jalL ujIcLoJI jjc = 24 

4gpd/sq ft — J Aoc I joaua 44alSJI L_UjaijaJI <ji ja. ^Jajoi <a.Laua ^jio La^ojoiLa 

7-3 <bl»-a 
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Q 
' ~A 



(m 3 /m 2 .d) gpd/sq ft (^kJI a! j^) ,jaAA\ J^u* = V 0 
(m 3 /d) gpd ^ jA\ t-li^VI Ja« = Q 
(m 2 ) ft 2 t-n-jJiJI t>= ja. ^clui! Ai.Laws = A 

JJC t_a^j^aj] L3 jSLi c-Lall £^JJ ' - U^* .' o-^C-^>-a <— ll jLjJ t . M>'iJP (jial j^l 

(jl 5-7 <_1^-"*^ ^jJaj^ll <_^?-^ (_>^a jii] (j^- 0 ^ ^ L>°J '^J^ 3 ^ 

Lp^oC. ^aJ (j^ajaJ! ^)JC. Ljaal c-U^I < , 'U .<UaAjJajl (_pal^C.V - ^"'"'J 

djIjOflll dil.rtjii)-^ .(jljaJI ^Jajoi Aic- £^>WI alia OjoJI ^^Jc (J^xiSjI 

^li fj* Jl jj j c^gic-S/l j=o c-bdl (—iLijaul oLauV (Jj^latx Jibuti 
IgJ ^^all <UjoiaJl Jlj5 . j n"\ > a o j ^jLulSxa (JSjjjj aLaaJI ^ j) O* 3 -? 3 ^ 
4c^)jaj l^J elilj-ifUl Jasj LaiiJ <2/4 (j V>JS«1I Ji*-a <_s-^ V ( . b njJ 

.(Basin Effluent) ^j^JI jla £-a g/A u ^.!^ J-^*- 0 Jal v 



Li}- 



■« ii*^ •<^*4>" M^J 2 L)lj» ; 5-7 Jii 
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JjJall LS lc. (-jIojouVI ftL* Aj-a£ (J"0a-a aJyoiSj JJC- luill aJ jas* iji n Vl 

.(m 3 /m 2 .d) gpd/ft — j Ajc jjjjuIIj ^ jUI A*J 

olj-a A^jaJ A \ J Lj > n <i ^»l a jj Vim<i Clul^l f.1 jjuj ijji a jail jial jaj a <i t sy\ 
La£ t jjHuki jl ja. .^gj^VI oAa. ^gi (—jIojouVI ^-UaSjl J*^ 4 nlnij 4 mjlaJLa 
£jij t_ljjj| JJC (jl jaJ (jjj (Ji.WI (jSJiill (J^-lj tl6-7 <_&"^ ^ jA 
I^A ( " n ujJ >( _5jj|j (J^..la jjj L_aLk £ J^a CllLaja J ja. j £»a j^jaII ^2 ^jaLi 

(-jUjouVI jj-a^j cja^VI ysj LjUoiiVI a±*.jjj ^ j AjaaVI acjjJI i.^ll 

^gic- j» jliLa Ojjj Ajajuil jj ^a.jLaJI jl-laJL A&aXall jj^ajiaJI £ J^ 3 SbS ^ ^^fcUJoll 

^ij ^jj .Sball AiU iJlal ^Ic. c_£j* (V-Notch Weir) V (-ija. jSji 

ftlcj ^Jj (Scraper Blades) aLu^IS ^jjjU-a AiuJ jj A^ji*!! AjL^II jI jA\ 
a1j[L 4±3jJ jj jljj jl JaJsl£] jfLaj jlall (Central Hopper) csj^j-a ^gjt-aS 
^j .(Pier) 4-alc-i (-Jjj^ajj jl «S\e jjoiaa 4-a jc^a (Central Turntable) SjljJ 

J ja. jllj j! tj^-aj3 OiLa. V j gJJ ^Ji V '''n^ SjlaJI tl)La.lla]l 

.(Peripheral Wall) jlj^U cs-^-^ J^ 1 Kr> * i i>^*-a 

^^A La£ tA LJaJj Lba L-Uj n jill j^alja.1 aJaa <i LajAC- jj£j « pLall AaJla-a (_jij 
AjjI^J ^Jl^. (jja jaJI JJC- (JaJ.i]| (j2Jall £jjjJ ^JJ t(t_l6-7) J^juill ^ A^u^a j* 

£jjj j (jjalill Ac. jj^ j* JSSj (Baffle Structure) S.jLui Aj j>U. Ajjj aL^I jj lilJj j 
(Effluent Overflow jiajiall £j^=> ililjja ^jic- ^Uaia J£ij t_jLu*jVI 
V <— aj^- (jSc 4-ajlla JjOjuj aJojoiI jj ^^jLiJI ji^?Jlj AiaXall Channels) 

CjI jjS (_>ajia]l C-^ 3 ^ 

J jJa jj* Jj ^ j^a jaJI jjc Haj <Ljla ("Finger" Channels) Ajrj . ^ l 
till jia «.LaJI ^Lajjl ^Jl Ijjaj AaljaUJI a&jjJI j* JS3j j* j cJjOjJI 

IajjJjj L^-aC-Jj (Jjoi^LoU <iaXa I " it l-i uil£ aJojoiI jj aLaJsJt a!\ jj ^ajj .j^aJiall 
jSLaJ jLaJI ^-liaJI j^ia . jl jail AalkUl jljOaJI ^glc. Aj£j-a A Vim a Cll!iU>j=. 
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(Overhead Bridge) cSj^- (>> ^ SV^aj 4il*-a jl dil knKU 

^Jc 4j£ja 4_p"Vj3 i-^Kmi lIl^I^c liljajjjj . (jljiJI (j^ajc jac. .iLaj 

.(4-7 Jli) S^liWI Jj^ 1 

Standards i>UJu JajJI ^Iki JjS jla o^jsL J}!*!) ^ J ^ 

O^aflaJj J iCjULo, ^jJ (jc JL V far Water Works 

.IjJ^La. ^sl^-a Jfrli uji h jj Jj Jj^a jjll I— 1JJ jl lilli j 4lal _j>a]lj Lj Jjia (jJJcLai J] 

ft/min ^ t-iijuo o- 3 ^ V 4 ^*^ jjuJI 

250 ) UIJ> j> 20000 gpd/ sq ft JuJieVl U <S^j <2.5 mm/s)0.5 
20) 800 gpd/sq ft j 500 JU-a J Laj^c. uj^ c>=uaJ J^-aj .(m 3 /m d 

.(33 m 3 /m 2 .d 




<U2 Jijj i^jjb (!) .fill! AaJUca ^ A^Vniull iJ^jjfl CiUjiJ iaLuui j jC CjUakLa :6-7 <Ji>i 

.£jiafl ililjji jjC (jioi^l jjjjjj tjjljajl jjC Uaai ljIuujI iJjjJ^ JixJI JjUaj ^1 * tail JiJj JltiJI 
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Aljajll oLaaJ] 4jsuil£ Acjil j JfLill jU-jL oijj<a S-^JM <J^ 

.3 min <jc JiL V j-ajl <u ^^jaII j^j*-*^ j -(Heavy Sludge) 

eli jfLall (ja j ^ jjjj ^^1*3 ^qjS-s jl jaJ A jSjj jj.jjgJI 4 . » ^-i^ II J^ajj 

I jki j .(jljpJ! jjc- dil <umaJ (Residence-Time Distribution) 

JJC- JcUaI Jjajall j<C ^JJJ t JjJ*JI <Lajlj jAf£ (jljaJI JJJC- (JJ^ 3 jj^ 

j-a j^jJ 4-aoa (j^ jlw JU-a jjc. iLaj j! jfLaj (Nonideal Reactor) <^_=OjAj 

.3-7 <3jIxa]I ^ jjoia-a jA La£ 4<la ^1 ^ jkjll Jilila-Vt j-a j 

(Flocculation, (ajJ^ jl 'S^Jj <J-^) CjLLc. jlja. j»jji£i jl 

i—ilojauVI (Tracer) «-laa JLi.jj jjc ^jj t Sedimentation, or Chlorination) 
ajia jjc. ^ jUJ! ^Ull ^ j£jjll (jjlja j Sja 

Cll jfLall j-aj ClAcjjal 4-al*ll JlfLi^H 7-7 J^-"^ ^^JiJ - L>°j^ L>° ^J^ 3 

<c ja. dLkj jli .(Dispersed Plug-Flow Reactor) ciiila "i-ui t_jlWil <_lc-bL^ 

^ la j ^ jli iClulj (J^J AiijlaJ Jix-a ^glc. <IaiLa~ajl ClbaJ ^aj ^^li-a *-l^l 

^ C 0 J j^-J jj^jj "-Hj^ W^J-^ i^J^ £ jL=^l (jailll ^ ^ jjk 

(Pulse ^ ■ ajj Jli.^j (JjJaJ ' 'n CLijfL&ll jaj Jjxa j« jj£I J^li 
^jJaj/s jjaJI Jji-JJ ^ ^Uill j£jj ^ 1 o JfLliJJ 4j jLa AjtJu^a J jla A Input) 
l " n nn 4-> Jdj (>0^ J^J t^j (j,'^'^^ JajoijlaJI jSjall ^Jjj .(_) 7-7 JfLijllj 

J jk-a]| ^Uaiil j (Backmixing) Jj ja ^ ja ^-a (Flow Dispersion) t_jUj-ijVI 
.(Stagnant Pockets) o^SI j i^j jj^. u' 

^jJoju (JLi.j'y Aajjjau dlljljJ j-a l-Jj > n-s tdjjS-all j-aj Jajaijia J^-^ 

jjSI jjll j-aawa i^jic 4-ajjoiLa j-ajll JJC. a jjSI jj ^- jasui t#.lia] 
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JUjJ (i) _! <jUo*J yij j*j jjc (jlji jjc ijUuJV £jU. jaj^ <>jli jjc CiLuajj :7-7 <Ji>i 



2-7 Jll» 

(Flocculation jj-^j jl Jp- «855 cu ft £L>"^ £ fW^ 2 ^ 
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(-u^jj j 14.5 ft <ua J jkJI 3^ j 140 ft 4J^L 58 ft a^jc Tank) 
CjI jsai jIjU Jic Jiaall JjLj .17.0 ft 4i*c j 280 ft 4J^L 140 ft 

ajiA <j,La] Win 'all ^aUJjll ClYj*lA\ L_u*aJ .1260 ft jljaJI ^jW^j 

^i^aj ^ t t>.Vi J£l 40 mgpd t ->j<M^ iLi-^ij) ^jic. taLu&l CjIas. jll 
Standards for Water Works ^jS ^jall Joj jjla . 3Jaa*ol l 

ljU^VI = 40.0 mgd = 2780 gpm 
= 5348000 cu ft/day 
= 3710 cu ft/min 

855 cuft ^ sec 

r = x 60 

37 1 0 cu ft/min min 

= 14 sec (<30 sec OK) 

_ 140 ft x58 ft x 14.5 ft 

3710 cu ft/min 
= 32 sec (> 30 sec OK) 
v _ Q _ 3710cuft/min 
~ A ~ 140ftxl4.5 ft 
= 1.8 ft/min (> 1.5 ft/min) 

_ 140 ft x 280 ft x 17 ft 

3710 cu ft/min 
= 3 hr (< 4 hr) gal day 
v _ Q _ 3710 cu ft min 
~ A ~ 140 ft x 17.0 ft 
= 1.6 ft/min (> 0.5 ft/min) 
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40.000.000 gal/day 
1260 ft 

= 32000 gpd/ft (< 20000 gpd/ft) 



V„: 



_ 40.000.000 gal /day 

140 ft x 280 ft 
1020 gpd/sq ft 




t 50 f=V/Q = 32 

y*$\ (min) 



3-7 juai ijs*a <>j e 



3-7 Jla 

AVli <-i ^ ^ ' ^j^*- JJC- lillij l(&-7 ij^j) l— l jfLall ^ JJJ (^'^'^ JJ-^ 

<— lljLull t^ic- I^UuC-l -k" jloll J^JaII -Ij-^vJ j £ i^Ia C jjc j 
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(min . mg/1) C, 


(mg/1) Q 


(min) ?/ 


0.00 


0.00 


5 


1.0 


0.10 


10 


5.2 


0.35 


15 


13.0 


0.65 


20 


10.0 


0.40 


25 


6.6 


0.22 


30 


3.8 


0.11 


35 


2.0 


0.05 


40 


0.0 


0.00 


45 


41.6 


1.88 




22 min = 


41.61/1.88 = t 50 J^jUl jSj-ll 



• 32 min jA 2-7<Jli<JI Qa CJ ^aia^all .ial&a.VI j-aj jj 



j^jUail ^tui jlSi 4-7 

.^uijill Uujjj (Direct Filtration) ^LaJI ^uijill AaLc j *« > V 
^AjJa ^La3! ^ LijUajS ajqaJLall dil <\jm^N ^ » nl ^"1 j^Sj tij-iaj .30 min (j* Jal 

^Jj jj^LaaII ^gi ^^.Lill ^Jaill .4_ruiaJI JaLoijVi 

l ajjaJJ ^ fl^C-LauJl Ljj| jA jl t j^nKja JaLoi jVl S jljj J-I^LjAj .jjja J^C- 4-alajl 
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25 £y* <LajL jj»?->sVi«H Jjlll j SjjSjJ! CjIj Ajaiajaill sLaII j] 

jjSj J A^JaiLiall SjjSatll j JUJI jjlll |j ft Lall jl AalUll SjjUI j jj-iiVuti 
s^a.j 40 4-aj3 (jj^ jjW^ dj* (J^LLa j_ogJa ^JjjJJj .Lb >i j-a LLa.1 

AaL*j . j<u»in (JSjudj (<Cjj!la_alajj sjj^C. o.i^.j) 15 NTU 4-aja ojjfLtll jjLaJj 
Ajc. jj tllLlLul 4al jajj ojiaj Jc t^jJAAjoba l-lb n jj j JJ-i£i <jjj ^"JJ ■ijajj AaLli 
^ *s l*v "II (jLjaJI iIijaj jllj Aj«ijj-all cliljjSjtll 4jLa. aJJSJ t yijijj .ftLall 

AjC.!)LkLaiVI CjljljikVI UJ^J •ylLJall jUjjl Jj AiLjaj ( jxll i.ll.Hj 

tAjjjlajll 4a1Ua1Li AjjlLa jjjLaII ^uijjll SftlaS jjjSj J AjIIc <aj3 Cj|j Lllc. 
^Jjjjjjll CllV^st-a (jjSj .AjjLuj£1I ill! 1) ii-s oil ftlSljl j t tlllaji j-all JaLoijI ^ J aj^aJj 

Jl Jxaj Lpt jao (10.2 1/m 2 . s Jj 3.4) (15 gpm/sq ft J] 5) J Lie 

AalLall Ailill ^ j^Lball ^uijlll Aj^LoVI a j>all j .5 gpm/sq ft t> (-jljjSVI 
.AjJjlaoll A -\ \\ r <\lLl AjjlLa j f\r a j^Ji J 0, 

jkull j'jioll 5-7 

^j^a-all (_Lijll jli aJL^JI a jA J j iLljj Ja*J AilSJ ajLa 4jL Jioll <— SJ«J 

^aLkll ftLall £-a 4j=-jjoU tAjuill jjfLl La LJlc. c jLuu£ jji-a £ •ACTIFLO® 
tjaiall Jc- jfclui^ jj-aoljj AiLjaj ^JJj . jJjiall (jl j^- J LyjiC (jjjajSj a.lal 
a jjS JfLiu (j^ijaal (illij jiaJI ^ja. Jj J&aS (220 |jm-60) J&=>-« JJ 
£ j^ll <>ajj t^LjsuVI (J^J^ Jj *2 mill 4J jlij ^£jljjajA Jalila.1 (>ajl 
elil jli. jAi jjlajj diLjjiJI (jo: jui-^.") Clil jj-ajljj j£ »nl Ali.jj-aj la jja (Jjiuall 
.LujSj 6 mill j-ajll ^lll JJ-lj^ll J^Ul^VI <>aj J^aJj .(jlalj jjSI 
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(lj) .uLu-ftU ^jij^u LkL, (!) .ACTIFLO® lsj*^! J- jlU iJSUI JjjjM 4aW :9-7 JiA 
(Krueger :<> 4ial>«) <>jJ! jjjJj SjIcV ^jKjUjjja* 

^li iaXall < — La^ a j (Hydrocyclon) JjKjL^jjo^JI ^jL 

I _ll-b,iul j>jijj '(j^aJI (jl^* CS^] ^ i^Jajll JJJ^J S^lcjj <— Ujujjj]I (jl^)^ 

«Uljtij AjUjjuj <UI jj (jXaljJ <— UjujjoJI C_JAjlif ^jbL^a ^)JC. ^jic-Vl J) 4jkia ^ajUj^j 

^jij .Ujjsj 10 min sj^a jl^iJ 4t_njaiJiJ! <>ajlj .^j^a-all jll tjlj^J 

JaLoijU (Jlj ^Jjjjal £jJaial ^-a^- O^J^ ' . U » " JpM ^»Uaj (j-a a£jI^)]I oLiaII 

. (j jlfLLui j J -ll^il J ' . \; ' " Jl"'^ L>* LS^°^ Ja^Lall t Lllajj ^aJJ 

(_^aaj ^ 1 aJ a^a iS^jfi ^I^Vlm! (jfLa-all (_j-°J 41— iLllaill J) sLa^JI (J^JP 

jjjJj Sjl&l Jjl jll Jl <ua.VI I jkj J^jll ^l^klail Jc b jj3 4^.^11 jjI 

. ti^^l ^jAj j^?^ j (* j j jf" 1 j^y j-^ 
^aaJauJI sUall <aJU-<J L_uAia (Ballasted Flocculation) J&all jj^j 

4jiaj 6^j3 ^)JC- AjtSJ^allj AjJaiia-all ajjflaJ! (JjjS (_ja t4 ^» jllLa]! 4jfcjjJI tllli 
aj^j^aj unoll 4j_ojJa*JI j| jaJIj tiAjlAJjl 4-aJilj L-lIla kll sj3 jj tajj> 
(j_jJjS Jc c^J^J J ftLall J^l i <-> <i 'mi > in .AjjJajVI (— ajj~al\ aSoj! 4-Mt.uJa 
AjjliaJI AjiLjaV! Ailj^JI ^j-a tt Jim 1 ^joaij^a L_ll jj ^jjJaC. (jjJJ^J J^ ^5 J' ^"*. 

ya-JI * Loll .ACTIFLO® AjLat jUiaJ c£*iJ -J^ j^jSjII 6* 



482 



jlilkVI SAa jir."l i in j (J^lj-aj f <-jl-^.J t4 j'l -Lttj£ ^ flh'il 

.^ojLujI 3-2 S^-a ^^.ij^ull 

4-7 Jli» 

Jilii^l <>j CjIjs .ACTIFLO® <jL«J ^ jiLJ jUj^VI j£ jjla 

^Oilai ^Uijl Standards for Water Works c^ 1 ^ jjSjII j £L>^ £ j-*^ 

■AjaJaxJl sUall <> S jjSjJ! <SI jV (Flocculation-Clarifiers) CjISjj* ~ j^j 

:<jA ACTIFLO® <jLc J jU^U Ajjjj&I j] 
2 min = j^jII jl Jp. J ^ _>« 
2 min = jlaJI jl ji. J S jj JfLiu 
6 min = ^-LJajVI <jl ji. J 
10 min = i—u^jjll ^\ ja. J LS i&Vl J] ^ViU . ^ ujUouI 
20 min = £ j<v><\l l 

jj^j Standards for Water Works J siia-all ajajISjII a^JU-J J j 

20 10 sec = jl Jill o j^a. J £J>* £ J* 
30 min = jj^II 

<UI Jjil j»j I jj jljcLo jl CLiIc-Luj 4 = L-UjoijjII (J^a 

AllJSaJ j£ lil 150 min J 270 min = £ j*a-^l 

(jl Jill ; ->->^ (jjiLuol Jc- ^alall dllij^a — jjSj ^gi Jaliila.VI (j-«j UJ^.]"'J 

jA Standards for Water Works J &*u*l\ Jill 
240 min Jl 120 min 4 h Jl 2 h =±\£*X\ (>J 
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Jjj* - jitd Ijj^a (S) .SjaaJI Jjaj Olji 4^ W">J 'b^ 'Wj** W'j* (JX^ 1 -jJIaJI <>jj :10-7 Ji<i 
»j*>U tj-ijc- jJai*J jlaia (v) lUUji iA*uaUJ! CiUia. 4iku) dU» » jrf Ail jt Ak»^ 

(Walker Process Equipment, Division of Mc Nish Corporation :<> 4ial>») site! j^^aII 



JjJ* _ J-^ 4 6-7 

LiJ I4J jUi ^1 j c(Flocculator-Clanfiers) Cjlaj^J - ilil j&SJ g*Si 
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(jfl joa-oll tlO-7 J£j£1I J 4^uJ3ja1I Sj».j]l ejlA Jia Ji.Jj J jJI 

^jjtAfl]! JfLHI jl jail c. jaJI ^Lall ^ j-aJj J ji..}]l Ujjjl 

AjlM Caaj jLall i-jLuuVI <ia> jj .CjIj^I] Jit jjSjj jjc «.ILVI flj tlua. 
fl lVn"M CliljtAao jaj jiaJil jljaJI j*3 .lie 4 SaAajlall <ijajli SLaaJI AiUia jjc 
(jUaj ^gic ^jic-VI jaj (j^ajUJI ^iijjJ .JajSH Clil a^mail (-Jjoijjj ' - jj£I 
AjlaJJ ajjJloiAll ja.^/1 jl ^jJaiill laJI <>al jaj Jj ^ kja J (-.u^jill 

sjjaic. 4JI jj J 4j^>U. j cs-lUc. LI j^i till 3 CjlOs. jll 6^A j .^cJojoJI Jc AiLuall 
J^.in Jc ^cLuJ <Jjaijlall AjL^iII jl jaII jl Jj I jiaj 4Aj3 j=JI oIiaII J (jjJSJI 
.^ji&l CLiLlij oLaa. >jJ ^ t_Uiiljll > jj£I ClsljjL <Uajj Jc j csj^]| ol jj 
L_Sj^all aLuJ AjjLia^II ^UIjuJ J lja.> tlAa jj-a - j'^La CjllnLu t-Uuoul ^al 
Jc- »7i jll 4_lujj jjl Ujjljoaj .AjaJajodl oIjaIIj ja^aull Jj ' u ^ 

. Jjt, ilnll 4jj j»a J AaauJaall jjA L^" 1 1 . lHailj ii.la.lj 4jclaa£ 

dil^i.j) (jjj-a - jofLa jl Jc. Standards for Water Works <c- j*j "^nalj j 
^UJUJ 0^*11 <ll jj liiljli^L t-j^jjll J V jja j!&l (ajL^JI ^L^Vl (jJ-aj 

jLj LaJ JJ J . LlJjudj 4jojjLaJLall i ■ lljm'iVI dlV-J*-aj (J ajl 1 <tn 11 djlj oLiaII 

^K3I j»aaJI Jc. taLucI 30 min jc Jii V j-^j £ >j ^IjSJI dl^jj 
J SjjUI All jV 4 h 2 h ajii jJ JilikJ >j 'J-^ j ^ j^> ^LLil 

AaS jaJI aUall S^aic <SI jj ^ j ljJj-ijjII ^ 2 h ^ij 1 h j cAaaJajJI sUJ AsJU-a 
^i_aj| Jc IjLaJC-l (— 1 jj 1 n-> <\\l Jalila.^/1 j-aj £-a tljjj-^all — JJaJI ^Laj ^1-laOjoAj 

m . ) -Jb 10 gpm/ft Ul CjV jul jjW^J J c^ij V .ujlSjj-a - j'^-Jl ^J^l 
djloa. jja.lt> (4.1 1/m . s) _SU 20 gpm/ft j »jj^*]l ^1 jj cjl^ j] (2.1 l/s 

— ilj 1 gpm/sq ft Jc-^J ^c-L^a jLjj jjlai ^ jl ^jJtflj La^ tajjouJI aJI jj 
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V J . J\ j&\ Jc t (1.19 1/m 2 . s) X 1.75 gpm/sq ft j (0.68 1/m 2 . s) 

Al\ j\ t_a^j <=JU»«1I oUall %5 LS ic- dil^i. jll ojlA ^ 4JI jUl sUaJI ^ Jjjj 
.sjjouJI <ll J t_a^j %3 J tajjiaJI 




4j±uk iLuijj ^ j <jjiU j^i >»1 jj^a jc jiaia :ll-7 



jail 7-7 

sLiaII AjsJUa ^ Ic jjJi J&Vl ia-all jA 4 njrsll JaLuo jVl li 4l£ll ^J-a <jj 

jallj ^U£ll J^ill iuail^lj Jill aLUII djIjO^I All jV 

2 ft (jj-ac- (l 1-7 J^>) <jH_A^ (jj-^a ^ ^.ijAj c^-icli jjla ^-=>jj 

J^Li. j .^U>ii\l ^LjJJ^I JjUaJ jl*J ^->^IL ^jjlall ^ > ^ja Aiblaj f£-^J 

lilljlil jjjIoj ^uijAll a^cla jjc (JLjjVI j^j oLiaII <-_iLujj (Filtration) ^uijjll 

(JjjuiC. ^)JC ■ ' 'J^***'"' pJJ .(JiioiVI (J^i^ll j ^jl&VI #.Lall JaijJa 

^Hat-all JojoiiJI (jial yJi ^ j&j .^t^j-all sJclS JJC ^jicVl J^j ( jliill (jAc.) Jjja 
.^jJu^aSI J^j Vli i-\ ^jl-^ ^ 1 Vl J JjjaSI (J j > nir , \ l oLi-a ^jJu^all ^Jajji (JjS 

^1 J .n jiij £»a j^Sj Ajj-la alj-a 4a11» n\ (_£.lllaill i ■ iLluuVI VnVr^ <\ (J ulJ 
(jS-aJ c<L^aaLa <LaiiuU-a Cllljl^i. (j-a V-lJj '(l _ 7 cJ^-") ^JjujjSU (3A juj '.'.)' 
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1.4 ) 10 sq ft/gpm j 2 gpm/sq ft (jjj £ jljij JU-a ^ Jili il>Y^*-a 
.(l/m 2 . s 3.4) 5 sq ft/gpm Sic jj£ AoJi&i 4-<ua *-a (6.8 J)l/m 2 . s 

uLu^JV) hurt 

^ ^-^Jall J^xaj jjc. lillij ^uijall J^a-a Ajlaill 4 )-> li Lj^jISj 

J£ ^jij (Flow Control) J^-W J^-ill ja^jJa ^JJ .Ji^VI J^j 4ijjj^aJj ^JlsjA\ 

(_J£jJall (JJAaJI lllLal a i ^ill ^»J3JJJ JaJJ^a ^u1^}a2I (Jjiu£i] l_ix<a_a]l 

5 J 3 J 2 CllLaLu^all jj^J Iaiu (JJa- jiia-a 4j 1 (jLaUu^all jj^J ft^jll ^ .(12-7) 
Clia. ^ujjaJI L-JJj i) jail (_^iaj^. (j-a _alo 1 ■ l\j * n'l l (^fiaJ .^JjjjjII ^j-^J A qU a 

^Lall j <La (jLoil 4jtSI jll ^giLoJI ^-LiujVi 4-aiajl j ^Jj^all S^E-IS joo ^aJ 
4j 3 (JJJ ^oI^aII ^Jajoi (_3j3 ^LaJI (JjaC- £^£J .<La i_Jajail ^jJu^all 

^ c.l j^Il Jjja i—lLiuijl *uaJ ^tllljj ' ^ g J 1 ' 1 ' j"' (_£^)^J oLiaJL (JL^ajVI 

(jill j C^jJu^all c-IaII elc j #.Lall l_J jjuiiaj ^ui^yal\ (jjjS e.Lall ^Km ^lijjl 

I ■ iLluU^U ^T jn tls-llaj ^jli^all (jj^J LaAic-j .12 9 ft Jj^a-J Laj-aC (jjij 

.4jajLa ^l^JJ CLi^'liua til jia. (jjJ (Jj^J t— IjaJ ^juoJaII S^clS JJC. 

(jji^j c^jjlija (^iilaLa AjI^Ij ^^^"n |»Laj-£a Qa (jj£-ajlj ( ■ iIauuVI (Ji*-a ^JaXa 
^jj^)aII ^jasj ^-aj .AJjlxA ^lallj ^jSjj l_Li j i ^J^ 3 l t 1 _^' ^ i-ll-ii njVI 

■ Ububa ^ all J^*-aJI ^ic ^kaU^aB 
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JaLuojl (jaliaJI jlxll (jj^J La.li& Jijj-a (JjjuiC. aJsuoiI jJ ^juj^all t jllaJJ ^jj 

LaiiJ t^ASli-a ( _ 5 iij <_Sjil CjLaLu-a 3) 4j 1 (jLaLu^all (jlij .^t^al 8 ^l ^>jA\ 

t^l jgj tdsjaoll - lijj .^ji^all aba jlaa. £-lijjl J»^ij\ JiwVl J»i 

l_ul jj^ll JJ^J t5 iajoil! ^Lijj^/I Ja jJuJaxll «.ljfrll JIaJ ^JJ 

eUall l_)LuUJ (5 j»Loj^all .eLalb Jjj-all JjuixII Jj2 lilljj Jjiufcll 

o^&la JJC- USJjjJjA ^jlc-VI J^j JAJ J ^jai^all ' " laJj ^-iLaill ^LoUjVI "LaJajl JJC 
S-Lall .AJLollj 50 <AjaiL ^j^^>-all o.}£.lal ^g-jj*^ i nil (jj-axll Ajujo_j-4 ^u^)-all 

i_ul <ll jV A^IxaII ^1 jl ^jiJI loj 4^ t> JiJjl (jial jaL <^a. jll 

tj^jj A «l laaj ojlc-J kJu 4_aJU-all 2 ^ J\ JijaSI JjiSill jJjJjII ojlfrl 

Uji^^a j ^j^^aII jj.ic.lii ^ 4jL1a1I (JjjuixII oLlo t alajjj t aogj tilljj 'J^l (JjUuao]! 
L^jjLs 1 a ' all (jj^J Us^jfr 3 -1 a ■ all ^J3 jjc tilli ^jjj t^lsmll ^Uijj^l A 
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Cp^jj 4 j»L<u^ll £LJ3 ^ajjJj .(<ali-o 5 J 4 J 2 C iLaU.^all) £CJ^JJjl liUjj 

. l-Ha-a ^Jjaijj] jIjaJjuAj 3 jaLaj-sall 

jA UjSL jj O j^aJI .1*J (^Ij ia*-a JaL-u jVl (J <— I.J3U ^ill Jaill jj 

lU*j V j .(Sedimentation) ^jj^ jjj c(Flocculation) j-j^jj (Straining) jjjj 

1 frja \1 ■> o Coaj .jS <La ^au i n <\ll oIjaJI j£j La 4 "» j't i f-\ o jjj f-i J AJlaall 1 " it ui ja 

(JSj (jj .L^-AA ajjj£ll dllj^SJI ^UuJjjjIj ( Jji il JJ |aJJ 6JJJjJa]l djciLail (jjj 1 1 jjI J 

Vj j 4<jj^-«JI (Particulate) ^Li-ill ■jIj* ^Luj ^-joLJ j ^ jjj^a <— il jja-all 

. ( ■ ) J i n Jjll (_pa Ji. ( _gic- 6.Jj|j <Ua£ djaS-oJ lilj .^uiijAjl oOC-li JJC JAJ L-ajjolS 

jJij-a JJC. JfLoiJ fijia-a eliA ^ oJ ja-jAal L_ul jjojl] j^AJ 4jl JJC- c^joijajI o-ocla 
jaVI tU^l jVii^il ^JJ jl ijja t g \ i nr. <j£ajj £tJijAj| a-ocla ^ 1.1a. ILaC. <Ji!ijj jl 
. j£c ^jli- (J3-jJ i^n; i.i'ii n"n 

i_Jjjjjj11 4jj\i JJC. a jjiia 'aj.o£ .iLdx^al ^»JJ La-ojc g^^lall ^uijjll CjO^j 
-LL-ujI £Jajjj t"(j-a*JI ^ ^JjJujj" ^ ^ i i n LaJ L-JJj n"n La ^joijaII e-ocla CllLaLuui 
ja jfLaJ 4ji.jJ <Liii. 4jLta. jj£j (jl IAjIIjII (j i rT^> \L ^^a-jjAJ ^jli ja 

dj3 jJL jjSj J cdll j^ll ja ajJjS Cllljrt^; hqWl »J£^ ^»LaiA Clllajja iJfLiu 

(JaC li jjii jl c4il*Aj| 4 iL tall jaII Jjja £jAJj <Ual£ *La.J J <aC.Li Ajaij 

<i.jj!La 4jl lua (jj£j (jlj 'LujoU <Ujjia ^Jjjjj JjjJaJ ^lalL ^, <\ i nj\ ^J^La 
s^C-laJ AicLiaA JaLoi jl j-ajj . Jj jaII JjjaiiJI J!>li. t ajJajjjL l^J ^,<\nn La ^a^JI 
^jjlc- <fljja Jji. j cLacL !iLaj jl»J jjuaaJI ("n>nl jjjVI jA 4jjSa i^jijAll 

.^JbjjJI .il-luiil t ajjij ^^Ic (Ja*j sJjI jja AjaLuwi dlli 
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JJJA ( . lAuU jl ^JjjjjII (_pa3a ~1<\\l (J-ia-a]! 1 ■ iluij (jl ^"J^ (J-^J 

(JjuoC (j^AJ c«Lplc- (JjxjIu (—fijja ( " lAJj ,^xu^)aJI oJclS ^JC 4ja^)La ajj^C 

gpm/sq ft 15 24 hr J* *^a 

min SJial k^JLj* £>La J J ^ Ja jfLuj .(JjISj Jj ch^- *^ (101/s m 2 ) 
15 min Jj 10 min S jSal J jrunl l ^ jU. jaII S^cla jjSj j .5 min J) 3 

J 2 <JJJ i^all Jhiirll J <La 1 Vi > ii <\ll sLaJI 4-1a£ jIjjj .t QjfciYill AjIaC. elgjV 
a^&la JUajj tij^JI JjUuiJI JCJli. j .^aijJI frUll 4_ia£ qa <U J 4 j Sioll 
4ia a jj-t"i.nll i_ul jjoJI (J^J 'W^J^ ^J-aJI J 50 Ajm'n 1 j\ jjJjA ^jjaJI JaLj jl 
. JjLaiiil (j^alj^J Jj i nVll sLaJ Jc-VI i—lUjudjl jjc. 

Jc t «j)Vn\l jj^xial |jj S-iclill 4jjLu CjLaJij-aJI J J£LLa I JaJ jl j£-aJ 

t Lllallll La] aOclall AjjLu dlL^JjjAll t Lllajj J 4juLill Jjjallj .(JaJI 

J| j^J| ( jjhnll Ja . Jj jaII JjUjoxJI <Jj2 tdl j j Jl jgJI jLall t bialiU jl Jl jgJI 
^Jajoi (j-a UJjjijl (J j i nir , \ l aLi-a (j^al _ja.l (jjJ La Jj f.Lall (_JjjoUa Q^aS^J t(Js"lni<\ll 
j>.'Vu 'i lillj JUJ .JaLuijVI ' '"J^*'"' J ^ j-a] (ilijj Jai*. ^IjgJI £tjJa tJaLoijVl 
jLall t <ji-in\l J Lai .(—uljjill j CIiIjJaII (jA LjJjo»C.j o-iC-lall JjjjouI (JjjoJtll oLa 
(_iLujdjl ^*Jj .^joi^aJI (jjS sJj^.ja1I sLall £_>^ S Jj.il! I^joS 4 Jl j$JI 

jjj Ja I Alii £.1 _a$JI £tJ-<aJ t (J n » ""ill <Ji*-a ^jj L_ljlL (J-^-aJ Jj^aJI (JjjoiiJI aloo 
(_J jjuiLa ^liijjl £a ^jli^aJI o^cli Clil nj'i t <jhnj «.\ _agJI j «.La]l j-a (j-al j!La ( ■ iIauuI 
(_^alj^.l ^15 (j-a c^LaJI ^Jajoi L_ljji; La^j&j .^ojjaII ^jj Hi J [J jjoulI I oLj-a 
4jjC.^)aJI (Jjj > inll Ac-Jjjj Jl Jj^aJI (Jj > nrll J^x-a ^l^jjj *.l_a^JI ^cjJa t_ S3jj (JojojiJI 
.SjIaIaII s^C.la]| ^jLi. J] L^J ^jJaall j L_ul _jjulll (Jas. (jA jS-ajll 
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ejcli] (_^3j. ?tn all j£*JI (—iLuaj^l ^ J*l£ (J^J ^J.)j/^^1 JaLujjl Jali. ^jj 
i—Uiijjj c LS JcSU <aJLall i_jL}juiiVI i— ia jJJ LaJJCj . JJ j-a]l (Jluiir.ll J^Lk a-Xlala 
jx Jajujj (JSI ^jjuVI CjIauLII (JjSj 1 - n-s J a LJalLa AjLJa /Til A'sU.rtll Clil nj-sll 
fclKfl Cj|j JaUjVl <-_Lui JJJ <l^> ^J JaUjI SjfilS .JtSj) J JaL.jVl 

. J^jll 4iJa (Jji r'nuJ jli^l ^ai Ai±ki Allala 4-aill <J Jc Jiifyl 
^aLaJI ^Lu .(j^jLaall <_Lsljuaj (JfcUll ^aJl ^ la ■ J jj <jLsj1I JaLai jSM ll laj ^jj 
^cjij-<JI dlUa. j^ %10 Uji <Lujj ^JUijj (1)1 (j-^J La tllbiaJI jia3 jj^C JUill 
j-a %10 J] jlaill j* %60 <Wi jA (jjajUall J^Lt-a Lai . jlaall 1 OA j-a j*i-al 
0.45 jJJ Jajuj jll ^pLa.! CjUuijJ cJ&Ull f>^ll ^Lill JL>J1 £jljy .jJaiill 

j-a Jal <l<ua2 (jjojUJll! J-aUua Lai .2.65 <jc. jjll AaMill ^Lu j c0.55 mmjmm 

I—jLujuI J^a-a J^alijl ^ aJuLa jj£j ^ajl I^A jc 4jJaiLia LajS (jl Laic 4 1.7 

• 30 in. j 24 in. jjj lUj^ ^-M 3 tS^c- ^jljJJj .JujaII Jjja»iJI 

• (_UjJ j-« UJ^° -^LujjS/I £jjj"> ^-"J- 4 (^ 1 * )->'q «\ 13-7 (J^>H J£-^J 

jjj ^ jl JJJ (Jc-U **■ lS^ Llludj (jJiaJI 1 " n i ill jjjV I j-a JaLaijI ^jJujaII I jA ^J^JjujJ 

<1 ^clj j 4iLJa l3j3 tdlij d.6j 1.4 (jjj Ajc. jj AjjiU. j 1.1 mm j 0.9 mm 

JaLui jV (jttjUvjll (jLslaua 4-aj3 jj . (J^J La ^ 43 j^aJI j^ajL^xaJI 
AiLkllj .1.5 Uj^a LjjUo 'aj3 jla lAaC <U 4-aJ £-a 1 1 .7 j-a JSI < " 1 j i nl jjjV I 

20 4.1i,ilU lLijII (_j^ *»5 J^l j-a JJ^V ^»Laui (-111 j (jjii-VI CjjjujI jjj^iU Lilxll 

.L-iIojouVI aLajl ^-a ^cLill ^J] jj^aJI JaLoi j!)U £J>£ JJ2 JJ Aalc j 44ia]| ^ 
(JLoiS/I ^ (J&^l cJ-aj^l UJ^J ' - ■' ^jj-aJI aJC-li (jjIaJJ JJJaII (J^»«JI ^*-)J 

j u^Vij t>aiVi ^ij 

j»jj Lajjj t^qll 4juL ^ In i ii (^jic jj^VI diljaSIl diLaouia jl -^"^1 j jl jial ^>jj 
^Jj^jjIL j» jSJ ^jjjj-all Sjcta jli ^IjILj 4<_Lij]I ^aij-a ^ ^u^\ j| jaII jUJaj^al 
.^Jajojll IjSa-a IjIjjouI lillij 4juLa c jjSI (jLaC.1 ^gic. 
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1.6 - 1.4 ajcjj 
1.1 - 0.9 Jtli^ 

1 . 7 (_>ajL^J (J-olx-o 

2.65 ajc jj AjjiL?. 
0.55 - 0.45 JeAi 

ii ^-»^ ^jji dll ijJa 

^ jj 

Lu£ Ajj AijJaj j ^» £J J j-« ^s** J >« JaLuiji ^ua jc jJai* :13-7 Jii 

<_>-jLsuJI <i£UU-aj 4JUi!l j>U^V! j ,4jc jill j tdUaJI i>l^V 4a*j>»j 

^uj jail / JiuJl ^Luu jVl fUaj 

i^jL jA JaLj jl jA (Filter Underdrains) ^iioJI ^•LiujVI <i^>j j) 

(J i <a3J .JaL-ujVI <■ «jh'n\ ^j^aJI (J j * nir , \ l (.\ jA j oLia ^jjjaII ^IaII ^^?-J 

^LioJjVl jUaj (j& ^joijaII JaLoijl t<^jjia ^ . <T> (jA a.l}*ia dlliilaj ^jjuja. ci-^J 
^•LiujVI ^Uaj CLil^aa ^ (J Jc ^gJ-st^ Al±L JTjJS -^aIu t - i t^Umll 

tdliSj c^ijill J^U. JaLujjVl jl^aa ^la jA UjjJj . (13-7 JSJj) ^Umll 
4ilii-<s JaLul Sic 1-7 Jj-laJI JgiaJ .(jiuLaUA i_)fL2u -2j^>a3I Juht\I eliA 

^,<\nn (joa. t^jIjA t (_>i»J ^ * aJ V Laiu ;$.Ia11j Ju^aII Junrll 

. (j-al jja CS^ -0 _ LS 1 ^ ' U^* T .' 
^Sal ^jai^il (jj i^JjlLolJLII jja j^-*" (jC- ojljC- 14-7 J£joJI f^k ^juI^aII ^13 (jj 
4(j-al j!La — Cff^J* t jl ^1 j^JI I Sjh'nH (Jjjjl jljiLaj £jJ_)a 
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Q±l — ^1 - in. IgVitVl ^jSlja ^ > AliL ^J-iaj ^JJ ."SIjm ^La (J-i u i » J 

8 4 ~ " 

fr^aJI jj-a iaaS #.La jl ijjLLaljlLa <iljAj eLa jl 4«.lj£jl (J^-^ . jSlall (-l-ajj 3^"^ 

c^Ula jjo >J6>A\ ^UJI ^jkJI *>J cjUla ^UJ! ^ILJ 

(jli jSj i u JjjaiiJI pLa jl j^JI » >i (jli L-JJJjOjI li& _^JC j . jal^JI 4-a2 ^fl CjaLjSqII 

t ^- aa J t JeVl ^^laJI iJ**^ AliL .>U]1 




(jliuj ^LiuJ (»Ux3 yljfe jjjAi^a jMa (!) JaLuijSd £jJ> £^J* =14-7 Jii 

^Uij j^l* .JjijC. oLu (jilj^ij n'nnil jail - j £ai JaUuji i*Lac|j ^'iT* AiLJa ifU/fljA 

jl jjiljA I i jtin jl ^Ij* ' » j^n Ul Jai <>i ^Jljla £JJjJ> ^u ^£u (jJAAuj <j.!j#fl <>> cr^" 

(F. C. Leopold Company, Inc. :<> 4Sal>«) eUlb ii >» Jj^c <>!JU - ^iljA i i-Jajj 
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• %50 aJfrlall (j-afr lil^ JaLui jV ^^fLJjj-llA (JjJ"i"n ^jj-aJI (Jjj oui JI 

^LojoJI j o^C-lill £J^- "t"! _>*^ J ***•.' J.lui»JI sUa] ( _ 5 1c.VI jaj <— iLuajVI lift ^jSJ 
^jj c 'ajhn\| -1*-Jj . iS*J$ (_3j3 CLujuoI jli^/l (jjSj t"n*s i *• 'i/''-" 1 "' o-ilcLj 

.l^jlklaua (j-a L_baijall j 1 g qj'u ,-t"l ojlfrU -LLuojbU ^Lfcuill j .Ij^aJI (JjjaiiJI l_ slLJ 

AxjLui jSlii ^jiiuj ^LuuJ A-Jaji :l-7 Jj-ia. 



, ^^i^i S'aiU Aia Jill (jx 



15 J'ja. JUj-aJ! Jj,.,.AJ Jla-a £k) <24 llT Ojlc iIjUJIjaII t <hn 

aJul 4-aJliJ £ jU. juijxll ^ .10 5 mill a^aJ 1/m 2 (10 . S) gpm/ft 2 

.l^_baijjj diLaAJI lilja L§ja Laj J*l£ (, 'ajhVi 4jLac ^LajV 15 10 min 
<j<Lia L_ul jji [g\ ' ftlx^] 5 3 min SaJ a^j*!! pLalt ^» J jVl <^a£J! ^ jj 



494 



.tiiiuljijVl t> 18 in. j JajJ! (> 12 in. 1 1* ^jaII jUjJ 1$j jj ^1 



inmrTihnr 




(General Filter Co., Ame. IA. :<> 4ial>«) Ija jUjj J^li; .j^i 



CLuaj l^-^'t CLlLajS jUjjil 4jaliJl L-IdU^Uj .^jjai^all ^>*5 (j-a ^jJ jla 

^cjujjII JjjojiJI aLiA £A2k. ^ll .JaLoi jVl ' fljJaHj 10 7 min c-I jgJI j 
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1 min j^j pLalL jj^aSI JjjoJtJI 
t'jkll jail LAjL> i (Filter Control) s^v j <_]£] ^Saill s^j ^jaj 

Jaa (Jj^a j lij a-llc ^jj^aII <-_s3jjj . I . iLluijVI (J^xaj ^SaJLa j c<— iLjjoijl (jjiLLa j 

jjlaJjj La^jc. jl c9j 6 ft <j£ £ j'j^ Uj>"« SAisw* <aj3 ^Ju^aSI ^>jc. jlxJI 
j»Laui ^ AiLuall jIjaII ^aajJ La-lixS .V jjia jjjjcaSI jljLaJI £jlaJI (jSJoll isjjic- 
^jj^aII ^ja ^^iiuJI UJ^J ' " '^J-"J-a^ e.ic.13 jJt JaS jljjjj c^jjjaJI 

^jj^)a1I #.LaJI elc-^jJ l—uAj^/l A^Jjuj ^)JC (J jj^sjaII ^IaII -S^oaC (Ja JJjlj ' " laJ 

Jjaj j^jll j <j|^aJI Cj| jUJI JjaJJ *l J$ll gHJ?^ 2^ '(12-7 J^i) 

(J-ia-a £^.Ij2jj #.1 j^JI JaLujlj jja 4 n > in a t^aij-all ^Loia £Aau]l 

<J) Ali&ta ^1 JIaSI jUll J^j ^jijJI Ja& cjlj^ jj^a ^ aJL^\j 

s^c-la i—iljkjJaLi lillj ijiin'i j tJjjAll J;UuiJI ojjJ cDLa. ( inr. JfLli 
jjJaii La£ ^Jj^jj]| dsV-ia-a ^ Ajujui dsljjju Clsj.ia. ^jj^aSI ^Jaia £Jaj 
ajjflaJI t <ui^ij .^j!i^)a1I (j-a ^jlaJI (_33Jall Aac-jj 4jsI^)a t jl j <u . aL i_iljjauVi 

^Lij jVt <Akil j Jala, jVl OjSj (Pressure Filters) Ll ^ I dUJi ja 
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fij -4 j 2 gpm/sq ft <j£ ^uiJiJI cjY.i*-a j 4<Sliii3l cjLaJij-a ^ ^.vVu/J 

ij^a (J^Llj "a.la. jJ' <_LjJuj ' ' ^ <— LaJ oJ _aa. j-all ^ljoi^aII a-lcliS j^C #.Lall £uJa 
( " ll >\'i^a Laj-aC. ^.lajj-uj V . t_ ul jjjoII (j-a ^IjILj LfcLJ Uhl^ (— jL i uijVI aLajl (JjiSju 

4j*jLui jjc. jaa^aJI 4jjj.la-a ' ■ Umj ojjjSJI 4_aJLoa]l dAjjiLa La * 

Ul ji> a j I^j^ujC. Al\ ji 4_l3 jsJI aUaJI 4-sJU-al (j.Xa]l ajji »r->\l <aJl*-all Clil La a 
.4jd'u<-ill (j^aljC-SU #.Lall 4_aJLxx jA ( " \\ -s uj j^all BJ^J (jjfLj £-juojI (jj • -^-^-^ (j- 0 

5-7 Jl» 

-30 X 14 ft tl4-7 <_&^ 4-a.iia j-ail "a ja.j jLuI ^Lj 

aa^l 15 gpm/sq ft <_U*-aj ^ <24 hr s jaa ^ 2.5 mil gal ^ ji 

<La,lVlm,nll A-\\\r <\\\ aLudl Ajjoijj AjC-jjj 4^Ujjj1I Jja-a Jajaijla L_LuiaJ .12 mill 

. JJ^aJI (Jj > iirll 

2500000 gal /day , .... , 

l 5/ rx30^xl440min/^ = 3 9 ft = ^ J ^ 

15 ga/ x 12 min x 15 ft = 81000 gal JwJI aL>a 



min z dory 
^=JUJI aU _ 81000 gaZ 
J^l aL>a ~ 2500000 ga 



^Lwj^I jjaaull 8-7 

4j^)3U Ajjlia 4jjjC-j Aslx^a A \\ y 1-1 jl jx> La yaC 4_taJajJI alxa]| 

.(jl jJ^U <aola]l dlLSj-allj ^Jjg "> all dlLjjjJaaJI j dlLLull <_Jiaj (j-aj c4_uajL1I 

. LojoijII l_Uj^jj]| ^IjaajuL jjjcj ja. ^-aJall j J*j]l£ Vl jI jaJI a1\ j\ ijfLaJj 

CjI jj£ ^LuV (Chemical Coagulation) LuLuu£ U jjjaj <_. iaja ^juVI Laf 
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t-iUuuVI ulKU. 1-7 JSJilt IS 8-2 S jiill Ajj>1I CjULaII 

(jjJ (j-«J • i (S g J >* Laj oLiaI] pH 4-aj3 tdlljii-all ^C.^)^. AjljjIsj Ja-oj tsjj£xll *U±uiaII 
JaLoj! jli La jaC j .AjaaI IAjjS! pH (J J.1U tl$J tjS-aJ ^Jill lllVjVlJI J£ 

LaS .^Lkll eLaJI Ajfrjj CllljJxJ £a jIjaII o^A CAcj^. lafJa £j]a3lj (j^AJj 

<JaI£ J^ui; j^Sj - Ji±j 4j1ac. Sl£U-a jLikVI l^A Jjlao .4^JLxa1] 4aa>ijAjll 
LjLajS 'jLui.! ^cjUill J±m& (j-ajJalij .1^ ^tjjla <__aj^]a CjaU a-lliij (j^AJj 
<ja (JjJaal ^ljIIj <\\l dll laa a e.ilc.j .'&Ui 4 -s mi^aSI oIoaII Ljjjl^Jj 

j t ( *_iialljj .Ljjgjj <jjUaj£1I jIjaSI djlcja. ^h-s'imlj ^UojVI jLu^l 

Uu t ^iliai all 4-vllrall <J»J ja ^ *.Ia1I jLni.1 < . i-> j tAjai jajII ^UajSJI 4^JIxa1I 
claJI SjjSc Jakj 4juLill AjSIjaJI CjIuSj jj±3>.\ jj .^Ifrill JflJtiSI 

■ Cilia mi jaII (jJIjoa jjjJj^A (jjljMir. (jjj AJj^alill <Cua^1I "t>Xol\ (Jja i in j c^jj^aJI 

(1) ^ etal! <?JUa ^hVi.nVI SjuLill (Coagulants) 4_jj^<-a]l d\J\\a\\ 

4(Jjljji3l Ajjoij t^jjjjj^all Cjl \\<nj\\j t^ajnalVI t^naf^ Ig-al j3 djljaiwa 

CjLujjS it*Ljj.isJ Cjllijj££ JjisJI Lj-al jii iJj=S Cjl jILa (2)j 4Lu_4aV| Alij 
Jtill t.-a..^3 j]l ^iL .tiL^jiaJI JjjjKj ijj^j^iJI ,1/nnjjK CjIjjjjS tjjJj^aJI 
(j& t-ya. .c.LaJI jnVii aL^ LgJ ^1 j j| jaSI o^A dj^lfrlijj Qit'^ k^aJt j 

Jal .f.Lall ^ tlj^kJ Lafr <3^J JJ*J V LpL ^ iolt ^a Aljaljjal Cj^UaJ 
Jj*2j i-j jjuo Iaa JJJ^J I^JtoJ jaSI j -l].laJI ^%a\ oLai^ (jl LllLuil dj^Ja! 

.AlaSlI CllSXtSI j (Jfrlijll ClUna 4jjlla ^3 oilia Ljj! jjc- 4Cj^jIxa3I aJA Aj]J 
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d\ J&\ A1 2 (S0 4 ) 3 . 14.3 H 2 0 t^jjiAl <jt\ is^ 

%17 4jlj3 L£j^ "SP^J »^ > 'JJ^f 4 ^J^- £--">J-ail <laij .^jjiaJVI 

lilloSj jl (jjljj jl Jj^ lJ^^ m j3 jjj j c-UJL (jLjill (JjIS AI2O3 (j-* 

JSjll Ja-ajll (j* .ialj aJoxjjIjJ S.ilc 4jjIjjJI <Ujuo1I • J jl^-a (_J^u 

IgJUJ 4Jaii <L« Jiij ilua. 1 J jU all ji. Jl (Gravimetric-Type Feeder) 

.^IjiJI A1 2 0 3 (> %8 Jc f»Jjl^l ^Ao4 L5J^ .^JaJI <kJ 
Jiill C.LJI Js .^«J oJjJiaj ^aJJ ^jJj Vst ^ (Jjl-s a J ^» jjllalVI (jjjl oLaia. (jl 
^1 jjl diAa. j Laiu .Al +++ J^ 1 Jc- f JJ^^I fJa*-» jj^J t4 , aakla pH (_£al 

t_i3S3 c^ljiaVI CjVjU-* Jj .^jjJall JalUJI J Al(OH)" 4 SjSx* 

JJU-all J Sj ja. jaII SJjLuJI A.i.uA\ ^ j .Al(OH) 3 ^ joiafyl Cjl ja£ 4,tu,o 

t_£U. 0 ^aa-« CjU jjj! cjLjc. J JjUIJI <j* A_ujS pH 4-<ua L^S Jll SiikJI 
lili .4a*afyi <Jjlallj ^joLalVl jJJ Jclsdll (jc 5-7 4jjI*aJI . OujjS j jajgJI 

Ajjaill llL&cliull jli t jii-a Jc <_£ jlajl p.Lall Jl lj jj-all jLoj jl jaaJI t 

• 7-7 J 6-7 l_jVjl*-all J ^lia ja jA La£ jj^lai 

A1 2 (S0 4 ) 3 ■ 14.3 H 2 0 + 3Ca(HC0 3 ) 2 

= 2A1 (OHU+ 3CaS0 4 + 14.3 H 2 0 + 6C0 2 (5-7) 

A1 2 (S0 4 ) 3 ■ 14.3 H 2 0 + 3Ca(OH 2 ) 

= 2A1 (OH) 3 J+ 3CaS0 4 + 14.3 H 2 0 (6-7) 

A1 2 (S0 4 ) 3 ■ 14.3 H 2 0 + 3Na 2 C0 3 + 3 H 2 0 

= 2A1 (OH) 3 Jh 3Na 2 S0 4 + 3C0 2 +14.3 H 2 0 (7-7) 
ojl^Li Jjja. (jjj (_^j AliJI (jx 1.0 mg/1 jli tlLilcliill oa& Jc bLajcl j 
jl 'CaC03 — j l^ic jjjua AjauJall AjjlSlI (j* 0.5 mg/1 £-« Jclilijai 600 
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i> 0.33 mg/1 £-a J <Ca(OH) 2 ijj^u %95 Lkll! ja=J j* 0.39 mg/1 
bjj-all .sUj (j-a 0.53 mg/1 £-a jl cCaO Sjjj-aj %85 Ajjouj jjjJI j^?-1I 

t^jjialVI dAjJjj£ £-a tajjuall JlLaj j1 JJ=JI Jc-^J La-iicj tNa2CC>3 ajjj^aJ 
CjIjj jjill CjUjjI AsJUaII sUaII ^ j^Sjj j . jjJu oUall AluJail AjjJall ^^ijj 
^cjjjjoiS tl^jj-all jLajj 'Lutoilall Ajjlall ^>l laJL J .jjc. Ual .Aliiill £-a 4jl i >i <\ll 

5 mg/1 JLa-» «.L<JI ^ t» 11 t « ^gk iaj > Drtll Ajuill CjIcja. jj£j j . jjjjSJI Jxu£l 

4juill joij jjSjj .AjIIc j£\ JJ t-iLuj aj£*ll p.Ul| Ajiii jj£l tdJj j ;50 <^J 

• 8j 5.5 jjj jUij pH tj"i*. j^jJa 

jjfL .AlaU. CIjVU. (jfl j!ii-a£ NaA102 fJ^J^ dlllLajll J .lVu.il jfLaJ 

jl 4_iL^i aJUj U] U^l^i jfLajj %88 UjjSj ^.j- 2 tijW"^ £ jj^ 

^&Luba£ La jaC. ^ jjJj > <-ill CllliiA jll ^ ^Vi i h'i t4jeij^aJI 1 gl^K l^lajj . (J jia-a£ 

jpiull ^gi 5Jl*i IgJ jlG jj .^_jJjJ y jl Jii-aS l^al laJLal qa Jcbul 
^Lall ojjojC <UI jj AaLaC ^ JW t& lilliSj ca^iu AjjiaJI AjaJamll aLuJl (_g jjLjII 
. ( . U ill J^l <— Ujjjjj AaLli j 1 > 11V1I lillij I Jji <-»ll ^Laj 4 )-i 1 ill jj 

Ail i^i S±a ^(^IjjjS L^ajl FeS0 4 .7H 2 0 ^^J^ 

(JjLuJI ^ 1&^)3jj j-a ^e.^)11jj .iVjill ^.j<\lj t"il jlot*. (j-a Ajujjjj a jji >( _£^i.l 
£_£jL>j]| jl flll (jj Vj tCllUIaaJI a OA ^ji a,^Vhn«ll ^^jJa-a^JI JjLoJI ^jc. ^giilajl 
Xi.&jM (J^Jo ^LaJI ^1 t al » >i<\ll jj^j^aJI (jjjl i ; ) ' ii jl; .^n^ (JSjj <1 ^jLill 
jjKJI jl JJ^JI 4iLjaj Laj-aC i ■ lll->"l<\ll (j-a 4jli lil ciiLjj^aJI 1 j i jj^jA a jji 
(_gi ^jJaj-a jA LaS JjlaJI J jj^J^JI jiiall jl .(Jcli jftij ja-alal 

tAjlc. pH ^jS (J^l (J jaj ti Cj^icliSl j a j£*ll aLuJI 4jVnl Jcli 8-7 <i^U-aJI 
. jj^JI aI^I ^ SjjouJI All jl JclaiS 
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2FeS0 4 ■ 7 H 2 0 + 2Ca(OH) 2 + 1 0 2 = 2Fe (OH) 3 L> 2CaS0 4 + 1 3 H 2 0 (8-7) 

Jiiull AjjLlal J L >£j joaJI AiLjaL AjjLLa Ajjjjall o^A Ajj* jl .^Ljj^sJI 

t> mg/1 9-7 aJjUaII laa jj Ljlaj j . 1 1 J1 4.8 t> "JlaJ j pH ^ JU~a 
UaLjaj IjjK jl ^ ^ac-jiU 'jj&M (j- 4 0.13 mg/1 ^Li^j jj-^-^ ^^JJ^ 

3Fe 2 S0 4 ■ 7H 2 0 + 1.5C1 2 = Fe 2 (S0 4 ) 3 + FeCl 3 +21 H 2 0 (9-7) 
4jn/-> sjU JfLi Jc <jjL>j jai-aS Fe2(S04)3 tkiLou^JI klsLjjjj£ ja j25 
AjjU-ail laa j oLuJl Ann Ml Ajjlall £-a <_lc.la2j *.Lall J jLj-JI Sja^ AjL 

11-7 aH*a cb^l jUj J j^LS iAjL^A\ ajjISII J jJI ^ J 10-7 
Fe 2 (S0 4 ) 3 + 3Ca(HC0 3 ) 2 = 2Fe(OH) 3 J+ 3CaS0 4 + 6C0 2 (10-7) 

Fe 2 (S0 4 ) 3 + 3Ca(OH) 2 = 2Fe(OH) 3 J+ 3CaS0 4 (11-7) 

jj^J j tpH ^sl £xJ j JU~a J Ajlka cdj.lj.liJI kill j!i-La jla LojaC-j 

pH ^ jl jl^/l aJI jV l$-al^U Alt £LaLkjj AjwaJj tdpAiaJI ^^JJ^ 

JrL-a£ tJlljS j jjUxioJI j Oj-iaJI AJI a^klaiJ .laa t A_jlL& pH *JS* Lai (Aj^ai^la 

(-jjj^all oLlo JJlVl J Aj. k ii L i. n l sjjj^aJ FeCl^. H2O iilj.lj.laJI .Ijl j_ol£ ^Vunj 
^jjC- a-lLc. ^tJijJ .oLiaII A_aJLt>a J Jj.la-a ^I.IV'uhI Ajj t^duMI k_Sjj^]| oLl-aj 
aJLSI ojLa Aij£ JJ I Jajj . <JjLuij ( tyjISjuij LjjLaJj ^jjj ta.l^)iJI -Ij-la. 'JJ^ 
JjIjjK kl^lfrlaj jl . JSfall A-a jLLa Ajc- jl j CjUlji. J JjluJI hq^ u i in (AjLiil 
.kiL^liaJI CjLujjS cI^Ldij] A^jLLa AiLjaJI j AjxjJall AjjlaJI £-a k^L^jJlaJI 

j)\ a\\ ljIjc.Luuj 

Ajajdj J k_uJ jjll ^JaJI k-Xi^Jill k-i^ JJa^ill J djLja^ UL& kij^aj 
(jial ja.Vl J Aj^J JJ^M-^ C5 ^ Jfr^ iiKajJ Jill J kill j^ll AaiLoiA 
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VnmVil tSlljij jjSill (_gi (Coagulant Aids) jj=>jJ! cjl^cLaui ajaj .tlUJijAll j 

Igjlj ttllljjlAlJjjll liilj ^ LahVluil A jA\ J&\j .tlljJ&ll 4jtLaj (Jjmjjll (ja 

.tlilOjuiS^all j 4 jtjlaVI J^l jc- 
4.\ui\uiSI <Lji> 4jjL>J <jjjJafr MjjLlojS j| Qc a jLfr 4jc.I Ur-ill til jjLao] jill j 
i aii^J .4jjL^j1I eLajuiVI (j-a ^-^J fc jSjJJ cs^3^ UJJ '"-^Aj 

djl ^)J-aJ_jJI ( _ 5 CJJj .jJAlljjll <Lulm (^jifr oJj2k_j-all 4 "l^> ill ]~i<\\\ ls3j till jJ-aJ jill 

JJ'iQ* Iglbalj] Ai-la^all till .all ^ Ullc. Ajjjjj jjll j 4jj jAJ^/l til jJaJ jJI ^.iVlunj 
<C,^aJi ojlc. jjjSjj .^2-7 d^ 1 ) c£«I J tl lljj£ _^aj jJjiaJj lllUj^iJI q±1 
i«.LA\ ^\ jjl (>aaJ jnVl ^jj .1.0 (^j 0.1 g/1 AJjoOJ JtLaII ^C-Low <J>a <Jjlka]l 
.AjjjoII (ja 1.1a. <aii-a tlle-^a. ^l.lVluil j»&J Ll«JajA IjiiJj ^iaJj (jl til jjLaJ jJ] (j^LaJ 
4> CjUUill sLa. 4^ ' gr* tllj^jj J^UV 4iat£ll UjJI <j\ 

• *Uj($ mj L^&L-a ^ jj (j^-aJ eLtaJI AjtjfL Jjllij ^3 til]j£j iAilllj j'lVill 

til j'i-n <\<\ sUaII ^1 jj) (j^axJ ^L>jj 4_u JJJ^ till jjaJ jJI tluA^Loil Jfll 
(jjj (_L-aj 4_jjjJjl£]l till jjajIjJI oJl^j AiK (jl ^c-^jlLj t t_ljj i) jSlI ^ AouiLoil 
J-iLu Ajjllxall Igjleja. <J ujjaiall j! jjc. 4<I"^ 5iK Jllal 15 10 
Ou^jjOlA ataa. L_£U. ^Jc j tiilli ^Jl AiLjal .AiKoll aijj Lujflj 

-I ^"i, ,.l UU^I (jS-aJj .4jlglSI l^a-^laj l.g.T.rt (jj^/UI <_Lilxj]lj Lj-La eLoll 

i - J t4-AjqiLu "a j^S (J^oiu (j;i-aW J^' J ^J^^ t — J^*^J^' 

A*joil_all til _olxaJ! (j-a ^c.^)1Lj . tilt jjja ^ a^cljawi 4jjljll (jj^Jj AaljVI tliljii-aJI 
l^al^kl^l Jl j La ^1 4aUaJI 4jaJU-a ^ tlj| joaJ jJI tlliniaj Coaj ^1 

aLuJI ^ hir .(JjUJj ^jl J — "l"^ 1 g^al^aJluil (j-a jj£l jaa ^ ^cLawi jA (JjUJ__)1I 
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j» jxufy) Jj ^tiaJ <Jj (Ia^jAaj Clil jxajljjll ^llVunU i(p7>lU<> (J^J 

jjJSjI t 4 ( _ 5 i»2 (Jjir.un j ^LajjVI CliljLia.1 ^l^iaj-ul i_Aa.jlij .Jj^aJI j 

. \ $ m J alj-a jnVi (_gi ajSjia j J^J-° a-^ ^ CliljjUuljj CliLllxa 
jiaj Jl Jjj^ajU pH — 51 4-aj3 laAi >y\ CllLjla j j^aLaa.1 4iLiaJ 
.iiLijjj£]l j& pH 4-aa2 (j iajiaj J £jLill j^a-aajlj . ^^a.jjAJ 

.^jjj^JI j jOjA jl l-ljj^all jLaj jl JJaJI AiLiaLj pH — 11 4-aJ "a-ilij ^JJj 

i_JS (j ajl i aa t " ) uj3 jj iaJ . j£j-a J jla-a ejjx<aJ 4jsLialj <Ijl^J ^JJ J^Vl li&j 

.17-7 'ajaall b j.,^11 :>Lajj joaJI j-a 
^ j^Uil ^ufLulfLw Sli (Chemical Feeder) jLuuill :sl:uVI ^alj 

.il j-a 4ijLoJl .}aljj]l jjJojj .lajjaus ^ la f, (J^xaj c-Lall J I&JjIuj 4jjLi<u£]I ^1 jaII 
i_)fL2u jlj* 4iLaJI -laljjll jjiii Laiu .djllla-a jl <_JjJLa-a ajy^aj AjjU-sjS 

J jj| j t iiL.li.laJI JLij 4jjLj^u£J1 ^1 jaII (j^aau .13 j ^< j'n . J} jauawi jl i"il la 
ja.1 (jrr»; ,12j ^ ^U. 'Ly^-° a jj' *aJ ^jj^jjl^iII elslfLjlijuij t dllim j3 

jS-ajS 4<U j^joU AjjLuuS ajLa (Jajj • t — ^Jiill J jj-^-^1 ^^JJ^^ 

. jl j a"\ y hL (J jla-all lili jaj 4jaJ JjIi (31*-* (J^-^j jl sla. ^ (5 ^ V**' 

fjJ&J a jjjS aU^aL jal jJJj 4 i«J .la. Ail3J 4_j]lio]l 4iLaJI Jal j j]l j 

djl.la.j Aj.1»J J La£-al .lajjjol £jLuill jUaAjJI iA aialLaJI <la.jxj]| dlla >^i<^\l j 4jja.LaJI 
j4=JLj AjOijll ^llaJ .3_aJU<J Cjlii.j Jl 4jjUaj£ll tljlil«-aJI jl JJU-aJU 4^JUa1I 

i . nunll) (Slaker Slake) jj->ll 1^=^ <JJ j^j dil^ajll j>« U^aLa. 1 

jua S t g I aU. N/ LaJal l (Jc-liiill (Jjaaj .^Lallj AaJ Ui all J.""- ' " Luall l j ' ""'^ .' 

• [Ca(OH)2] JJ?JI J J jia-a (JSjjjI «.La]| ^-a jaaJI (jja uua ^t-aAj 
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C.lc j ^li (j-a (ji*J .aL-a 4 7. 1U a A Saa a J AjjLuuS ^al jj 16-7 (J^^ J€-^J 
.sjlxj (JjjLWll <Jj aLall JJC. JiaJ ^gjlj^J^ <jjji-a (jl ji. (jx jl c^jJt-aS 

J Ailkll 4^Luu£]l j| jxll jjj .isu .jal jjl! Jj 4j j^u l$Ju L^jji.j 

CjI jja AJlailU Laj JJI^aII i_iLa»jj 4jIjaLoL jLjoll ciilj^a. 

6-7 Jll» 

(I) .oj£c AosJajoi eLui jiiij J 50 mg/1 lAj^a 4jui3l <c ja> t"i<oVi>nl 
J lluO^. ^1 Cjljjijll (^A, La ?Cj£l$iJ ^1 Aaaafkll 4jjlall jl^ia jA La 

?^cjj ^3 p jaiaJVi .iLmS mg/1 f£ (^) ?£>L>ai] Ajj jjtf I <*jfkll 
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44axoila 0.5 mg/1 £-« Jc-^jj 4^ 1 mg/1 <_>^ l>° (') 



50 mg/1 



0.5 mg/1 



lmg/1 

= CaC0 3 S j^u ^jlill c> 25 mg/1 
^ bUScI j t^lttlj c0.50 meq/1 ylSj ^ t> 50 mg/1 jj M 

^1 UiL^ t> t0.50 meq/1 jli <5-7 

^gjlj clib jj (_>a c0.50 meq/1 J j^"u ' " J <j»j^l^ ci _>>41 

2 Jc-^i" (600 g) t>« V>« jl 5-7 <taU-all ^ (^J 

<Ulc j c(l56 g = 78 X 2) j» J^Vl Ou^ jjJuA (> 

156 <LiJI j^. ^ 50 mg/1 

600 M-dl Al(OH) 3 t> 1 mg/1 

13 Al(OH) 3 = mg/1 jl 

7-7 Jli* 

^ 4jil£-a A Xa^Jj jj.lj.laJI dsljjjjS j^s 30 mg/1 AiLiaLj «UaJam oLus Clljli. 
<-1uj mil gal (J^i ^.iiiJ ^ill jUlb lj.lLs ^.i^Laball Jx-La3I jjj ( iiu . JJ=J1 

CaO t> %80 pUj jjsJ t> .ajjW ?l$i=JU^ 

<>J! 

jj^j^JI djljJJJ^ liCilgiJ ^Lu 

30 mg/1 x 8.34 mg/1 lb/mi1 § al = 2 50 lb/mil gal 
mg/1 



505 



CaO c> JaJj yK* (139) jj^^l t> UJJ cl^Lai^ 

%80 frlij ij'i 
28 

<uk j c(35 = 

0.08 

ja=JI <^j^= 250 lb x — = 63 lb/mil gal 
mil gal 139 

8-7 Jti* 

^jl (_jjc-ja1I (j* u^j • j^?- — "Lj- 0 j/^"^ 50 mg/1 <Ujill ^-j^- 1 " 
taLucI 44juill jX-a Ajxjfklt Ajjlali (j* -Laa CaC03 Sjjj-oj 10 mg/1 Jc-^j ^ij 
_JI AiLil t t_j jiLJI ja=JI Ac JiL U 6-7 j 5-7 AjjJ^I c^/jLuJ ^ 

<C-J^ cJc-^ t^jatjjm Ajjlill ^ 10 mg/1 

JaJI 

Ajjlall (>> 10 mg/1 cJ&laiLuj ^1 4liJ! jla t4jal£J jl jj^/l flaiUj 

10 x (100/50) = 20 mg/1 

30 mg/1 = 20 - 50 yJfc j^il ^ AjLlaJI aIISI 4a^S j] 

Ajj^II j^ 30 mg/1 £-a (Jc-laiU 4jjUaAll J£?JI j 

30 x (28/100) = 8.4 mg/1 CaO Sjj^ 
jll j fjdaJI Ixub 9-7 

<UjJajA UJ^J (ji^uJi 4JuLoi oLw ^gj] (Jj^a jjll jA £>La1I AaJlaua ljI^aI .ii.1 j] 
AajLiAj^ll Jll jaII (ja jjjS ^ jjjj jl t4aj^x-<JI CjUjjVIj jl 4j j . >»r.^UI ^-XoVLi 
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.4aj| jll j jjjJall i_J£LLa J ja. j ^ lc jjjj jo^Vl L_ UjuJI L_llla l-ill JJ-i*Jj .^SjJa. 

.A^jj£ Aaac <aj|j ^cojj ^flj. 1 " 1 ^J^^ t("n>in«jluaVl3 ,<ajl jll 

.JJaj ^ ( allaj ) j] La aL><J] ^Luajgu^l (jIIaHj A^LtLal! JSLLaJI Jjijj 
Igjtla] JjJaS^I 4jjILJI JJ-laiJ ^jila Igiuilj-i y-r^-^ L r l ?^J 

^Jj IjJii t 4jUa ^Luj sjlc Ajjfrill t<ja _jaJI eUall <aJU-a jJi .LpaJU^a j 

* tail t> UplljJ (j^<u 4jl^a Cjljlc. JjSj La Ullc. <aj|jll A^jjS CjL£^aJI <J 
AoaJojoJI oLuJI <aJU-a .J 4jLx3 jj£s La IjjU Ajjgjll j] _>P ^J^' 
.ojUia jac. Sjlc jj^J jU AojuaaII jIjaII 

(jli t(^ijjt) UpLa JjjJaaJ ^-jUj ajJaJ J '^JlLa <j^a ja. <lla. Lai . j^xall Al\ jj 
tlaJI J Vl*i jjilu SJaljJt a jala-aJI ftUaJI c_jLic-S/l Cjl^nJ Uhn* Lal.lVlJ 
dila ui^all Jjuijj 4_ajljJL ' . llut&j ~- lall J JJjJ <_5^ t-^la Sail jl&Jjl (j«a 
^*Ja3l <_£ jioba (j^uiaj ,J Aolc-la jiiSVi Aijiall a-ilfc jA ^ailL jl jla^l j] 
luLlrtll SauulLail {jjijfcW jJjJaaJ (j^aj .oLuJI <aJla-a <aj|^)3lj 

(_£^>a.l ^1 j^s ^1 J jj^ JJ^ L>*J J c4jjujla]| <_jL5aa.VI *l <2 > n ^ 

Aja. (Ja (jj^ . _j!Lal (jiVil ' aa jJ_aiall 4j (jjljia.1 ^)JC lillij 4 

^ j jaJ i JJ jlsuVi Ajjjja. ^»LaLa3l ej^^ ^-a (JjuoaJI jj^aljSI L^ilaj jlni Lj^^ (j-a ^>a3 
CjLma. JSoi ^gic. SaJdlaJI ^aill jSjJJj .<^JJ^11 Aajljll dllj jlj-all j'jJ- 0 ' 
<aJla-a ^ ^j^Ij cJ^-»-^ ^ n.i^^l (jj^J^^ L>* j'j^ J^^ (* ^ J •ijj^' J 
<£\'±xl\ dllcLu^l ^ ^.iVinn <jl Lal& 44jjL^ajal CjIjLu&V ^j^ASI aUall 
aaill jjSj Aaj^aJl ftLaJI <aJU-a ^ j .Aaalall oLuJI AjSjj] CliLj^LaJI Ax-Lu^aj 
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jij CjVl Laj AjlViml (j£-aJ '-r'lj^ Jjp- ^J*^ l3jP """ ^-J" 2 cs^j LljaJa* 

iJjS AyWf A\ ^a Ala.^a y 4jLi.^j tj^-aJj "rulj ci^ 1 (^-^ j' <— iL> jl.lal 

AjjjflJ 15 (_)JoLaj]| (j-aj ' - 'J^ J ^sll ' - ^ C-Ajoilla ^j- 4 J^JJJ 1 - ^ ^^J^l 

(_j jLujL Lojac. Aj^j jaJI A Laiill jj^Sj j>jjj .^-aijoll jl ( ; n i « j£ll (Jj3 JJ^I jl 
L_taj 4(j!ic.lijj jjl^Jlj ^aill jjSJ j .ALLJI AjjauJI J] taLujJ j 1 LaJI j 4jjau]l 

tjjKll ,\l.ii^l ^Ij j tfljjKlU AajIjII j ^nJail AijniJI ClLlk^aJI alin^l tjfLaJ 
<L)jC.j-a JJC. o^jAjoJI oj^aKIl (jj^J Lajjj •(jjjj^W ' J^"^ CjljjLLa^Jj 
(ji 1-5 Jj^?>) '■^-i. t>aLaaJj jja-jll^JI t^^J lA^ 1 UJ^ t5^« ' 

fi jjj jj^all CjjjjK Cj|j J^La^a g-*^ t> J JJ^' CjH^ J '(3-5 SjSall 

sL>j Jcli jjc- cAaaojVI AjjjJjxSI dlLSjxll (_>iaau ■^ JU ^^ ^C-jiLj 

iajLa ^ jJjojIj Jjll tllliiiajJ Lai .4ajI j]| Cjl j c5 J^-Vl dlUSj-all (j* JJ^I 

^jJaU <auiall CjUSjaII (j* £ jUll 4*jJ j Ac _j-a^a SJjujSI ^ Ajiclill AjjS AjjLuuS 
4±}Ua1I) jjjiiall Ou^f ^LxJI ^fl l$£lc.Lij jl ^1 I jkj j .AajI jll j 

j$i Qjjjl\ f\muJ La! .^iJiJI <Jja a=JUaJI LpaLJal Ajla 4 (28-7 

■ t.hull CLlLV jll J j^-a 

A^LLa]| Ajj^mlSI Agjljflj^ll Jl j^jl 10-7 

j! (>> lj;uS bjc (SOCs) Ajc-Lu^I 4jji^.t\I AjjUajSlI jI jA\ j"^ 

.Ajljlall dll jjo'ill ^ij Acljjll j tA&Lu^all A^OVim^l j Air'u^i«\l AjjLuu^II 
jjjJaj ( . ijunj SjjJaa Lg_jJ La£ t^jli (jUajjoJL IgJJnn <LaLoi jlj-a LjjJaauj 

diljaa] a jj« 1 a dilc-jau lij t jiLKllj (_ ilallj \«<ti< AjjjaJI f I ■ a&^l 

di jJal 4 jflhr-VI ClAj J] t »t\\ \ j . ^ ) 1 II jl ^ II L^j-a j±] (jht J <_3J*J I o'ljl .Ajj^aia 
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jljJJ jj AjJaiLla SjUJall 4j_ajJa»JI j AjjjJaaJI AjjLiAjflll j| _4a1L L-l^uil! oIoa 

.(5-3 S jaill J 5-5 J j^) 0.0002 jO.l mg/1 ju 

<_ s J-aijVl jA a^Ull (^aJajjJI jLjaJL 4jaJa*JI oIiaII li/sJjJ j! j^J 
j2jj .4jjLiaj^1I jl jaII l -r 1 J > J ^ j-« J c^C-lij-^all i_a^j^all sLa ^jJojj t4jcl jjll 
o^j^a-a <UI jj ^aljillj ( . nmjqll j Jji^lll 4 l-i i nl sLiaII 4j 'nl'q'ill 4-^.IIt a\\ (jjja 
4.Kun J j-ilxAJI djlou^ jjOlA cJjS t> I- I AjtiJI (SOCs) jl Jj I Jaj 

JI^jIujI jil«Jj .Clil joaJjJI (Jii jA iillj£j to a II AjjUajSJI j| jaII <Jajoil jj 
lajjUttll jjjjSJI m« ^l^aJluil jl tpH Safi ia jl t Clil jjaj] jJI j <— il jpa nil 

.<=JUa5I (jjuoao jl Jj^A? (Powdered Active Carbon, PAC) 

j* ja J^l J f.La]| Jl <— sL^j ^ f^-L (j j^ ' " 1 " (PAC) — il jl 

J (— li hUa (J^u'n La^-^jA jl ^^Jtfbj .^jiijall (_Jj3 4jsJI*a]I lIiUIaC. ^sIja 
jiAlal ^_fil£ Jta. Jj JjJ^ 3 (jAaj jAj jiA^jJ j l^c jjJ jLttjJa] lilli j AaaLjal ^Jakj 
t.n.,n jll 4jjjJa«JI CjUSjaI] JcU jIaa (PAC) —II jl jA ^jlLj . jljlaVI 
15 Jj 10 J^J (_>«IaJ jAjj 5 mg/1 Jj Jj-aJ <C J?^ '^jl jMj ^*iall 

jljLaVI I^A yuj .(SOCs) Jjm\ J 4^tj jjc. AiLjayi oIa jl Vj t^ijaJ 

jA £Ljlj (_J^.ljj Jjj t J.) ' ■"''^ (JJiLadll jAJ Jjj '(PAC) SI jlUjA Jj ^Jl 'ill 

.(_5^)i.l 4jjjJaO <-1iLjS^)a jl jial 

jjjjUl jA 4iJa jj& ^ui jSlL (SOCs) —1 4-jlc.li J&1 aJI jl (jjibo C&*iJ 
<_. u jSJI (jjIajII l_ ujou t*Ui j (Granular Active Carbon, GAC) LiliaH ^n/^l l 

jjJaaLj ^qll jA isaII (GAC) II £-L<ujj . JJal Aalaj jljlol ojlal sIoaII 

(_£ jla-a j tJSUll Clll n.^ll <aj11aj tdil JjfaJI ^?^-J 4jjUjaa (j^ajL^xi. 

II t-ijni'n ojlc-jj ^jj^aII JjjaII (JjjaiiJI J *Li','il.i,'il (j^jU-ai. ^)JJ3«J ^^A j cjLa^>ll 

4 La «U tliLuiljJ 4£ujja1I o > ^"1 JJi ^jaj .jjaJlj 4 > .n jjc. (GAC) 
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t<— Ijlla^all JL^ajVI (j*j J^^&Sj 'UJ^j^' L>* ^ Jj-aSl jVA^-^ ^£yj?J' 

jl 4jcljj3l dil.luJI ^Jjj J^c- ^ UJ-^ U' ^ oLuJ ij^J 

l$jla tAjfl jaJI oUoll <J AiUij Sj&ui* (VOCs) -Jl jj£ (A? -(VOCs) 

aJaju jl 4jj#j1I AjLuU AjSjJI oLJI j-a Jl Jp J .AjaJaJI oLJI ^gi ^ jj La I jjb 
IgJI jl 2U*J jj ^ <jj^J] JUliill flO^ jJI UjjJJI j .(GAC) —SI *JaJ JJ jl JuVI 
jjc. c-lajj JLuV! j^-j c-UI l_ijjoijj i " ua t j .n (jji^laua jlij (_ji el jJL 

,_Jc- oj^la AjjgJI (jj^J V -i32 Igj ^ j«\i,iirt]| 4jJaC-VI dl Jj]I diL j"i i n a 

(jli tJSi jjc- '^Xx^ai . L_!jjJI a\jia jjjua (_gj"unfl ^_JJ CllljjUl jj^ljj (j^ajiij 
ljIjjLJ ^ Sjj ■ all Al\ jVI JjJI oillJI ,J (jjSaJI <L\i jjc. A-JjgJI 

(joJaJ <j^-<u .^jJI oj ija -JJI J^.mi'i Jl <\"i-^l j ;4jj.Sla ajlja. i " \\ -\ j J 

*l jJb All jVI <> 7^ <iK j^VI (GAC) -SI JU»J jljlaVI CllULaC. 

.Ajjgjll <JaJ jj 4JJ j?. *U! jl (_Jj <JjIj CjULaJI sJlA JjJaJ jl <j£-aJ ( - in 

Sjjlail 11-7 

Jajjj <JI 4£UI Jja> Sj^S CjU jJ CjjjJ iS j^VI 3£&J| J 

aLJI JMg'lJ jla Ja] .jliuiVl jaJ illj^a. CjVLyj oLJlj Jj=k_aJI JjiiSI jj^JJ 

;lu jsij iSjLoJi ssaai cm^\ j\ ^jji j Jail ^ui 

jjliSU jLuoVI a.<LuU Ual JjiiSI (j-a Jlc- jS j"'^ " ' ■ V ' ""' • (JLiJaVl (jliuol 

Jkj cjVU. d»^.ljj op- c?^ ' J (Mottling of Teeth jUJtfl o^jf 3 ) 

C j' J>^' AlUI ^llaiS l*JJ j tLJaSLuJ j] UjjUc. J jliuiVl 

iLl LajJ tjliuiVl jaJ ^5-aJaC.I ^a.1 JJ Uj^a £tjjj jjSI JJ tl.2j 0.6 Hlg/1 
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jSU 4Jjl jill (_>ia*J dlJAJ j2 (^jjajjI Jy£jj]l IjA (_5^J j .IjJLaa. I Jfi'SJ La (J^Jf^ 
Jjlill dlUjljaUi (j^ailjj (jl JJ AiL^aJ tLgjaiij o jillj (jj^J ^ jljjaiVI JJ 

J (Fluoridation) <jSI jJI Sjjlill lJ^j .jUjtfl j±j <i^U> s^Ljj Iujjx 

JJ ^^jJaij Aja^i j-aj clAjjiuua JJ Jjlail ( _ s J«-nla]l (_£ jja alt £3j JJ aLvaJI 4 a \\ » .n 
is I _^JI J& 2-5 <Jj-^?^t J 4 null <— )Ljjiuia]l iaixjj . Uj-mflj ojjLall jjlUll 

djj^^l dl L u i t JJj>ljj . (JJiLllI IfrSUfriuij j]| s,Lall Aj-a£ J JJjJ L$Jj£ J) IJaj 
. jjjl jjoJI L-jli <aJ j ^UaaJI 4.,uiluA (ja (Jlaj jj jjoJI jh^ VjL^a^l jjfjj jjall (jl I J^^* 0 
jii*J 111 ijliiuiVl 4-IJjoJI olj-a J JJ^I J J^. J (jl 4j2 liLi V La-aj 

L_uui]| t L^j 4jI j3 cill^LaUj .Aj jjjLojl 4-al*J1 4^ >A\ tills. I jaJ ^a-l AjSI j-all fijjlill 
jjjjaiL) -» aiaa aj tjjlill ^^^jj-aj]! (_g jfra all j-a (_g j^a a Clllj l&Li«a ^jSjjaS/l 

. J_alill jjjl JJ3 .la*Ia (JSjuoJ LjjLujS bSij^ ' a J'**i* CjlalaaJ J 
JJJjla ^ sUI 4_=Jjoa J LaljaaJ J&Vl Aj^jJI Jjlall Cjl£j-a jl 

jjjjla jj .tlllj£j-aJI sjA (j-sajL^xk (_pa*J 2-7 (Jj-^?-^ j^J '^JJ^ J-^j ' " ^J-""^ jl 
i^llall jjlall 4j-»^ Jj *— iIj£_>a1I sjA Jfrl iaj 4jl j-a jlbj JJJ _4j^1I 
I Jaj tAjjJJ A -> Slat a jxVl jiajJaJ jj JjifaJI 4j<ui Jliaijj .Lal.lVunI UjjS! 4j1 V] 
sia. J a jjjj > ,->\l JJJ_aia jLlC. J»-^; JSLjjII IjlA J aC-Lill (Jj^> >>ioll t-jbc. L- Ui jj JJ 
4 o^ij| jj ^cjIa tL_alL2o jjlll ^J-iC (JjLui j^i! tiljjwiillluij Jjla (j^aaa. Lai .^gijfy\ 
Ij^J (_jaUJ^)ll jAi axil j .ajjouil ^J^-a jijlj JJJ tojLa- <ajlj jjj t(Jl£lj 

^jjj jj_^all jjjja j^aL > ii jl . jlLai jill jLajaJI £jL^a] ^^jjLaJI ^cjllll jA (j^aaaJI 
o^juuil Lai JaJluil jjSiVI t_iSij-a]l jA i j \juij\j>njjjlall (_pxaaJ ^la jA (_5jJIj 

illLaLj^J 4jsjI Jl ^JJC (J^aljl JjV* tjj^ '"" bjLaJj J jJJj . J j^l <^jjJU j^Vull 
S ah-i. ^ <jc. J jlial J3ljj 2 U , ,J j i \ ^ jiiW'iU a aV'i-^ ^ 
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l^lAxLuut jjluUI jjlill 1I1LS ja (j^ajUal :2-7 Jji^ 











H 2 SiF 6 


Na 2 SiF 6 


NaF 




79 


61 


45 




144 


188 


42 




30 J] 22 


99 J] 98 


98 J] 90 












(%30) 35.2 


(%98.5) 14.0 


(%98)18.8 


(lb/mil gal) Ac j^JI 
1.0mg/l -J^j^UI 



CjUaa-a J£ (JJfkill ajjla fUail .laJ j ia^j ^fll jll ^ ,1a. jj V J 

jSjj (^jic-j t^gjLaJI Jja^all Joaj j ( _ s ic. iljj aUajll frtsjjl ^JUj .^Lall AjaJlaua 

«lj ta jjj > <all CliLiiaJI ^^ia . j3 jlaJI Jjrnnll Ja^j j cAiKllj tAjjlbajllI J jA\ 

.LjJj a ju jsjj cAjoiaj (J jla n\l Aj-iij -Ia-<u #.laljl Ljjjsj ^ j-^l cs^ 0, 

tdJjj A > r-iM (jl jj-a (^jic- ^j^ajj Jjla-a jl ja (j/s ij > n J l\Xo\ ^»Uaj jjf£jjj 

A£jjujj oJjj^ (Jjia»all Ajaula A -\ » 't->t\ j-aj ol-laVI j jJjJaaull (J^la. jjjJI jjjg ' ""^ 
jnn-s ^.laJlml lijj .(Jjla-all AiLjaV (JjjJJ^)]I oLia]I Jaa. ^j jl_}aJI (j-a 4-ijJjl 
4jj3 i_}«alfL l at i <aj jl ol-LaVI jlj^- t MaJ jl j^ja ti-^ljnnljuijjjla 

jjJaaj jl (j^A}3 J' "^JJJ^ * ^"'"'^ jj Lai .4j jj^> uLttll ijoo^jll j^a 

Ojjjlal jj .Aj iVI jl ji- gJ ^.inii J jla jl AjjlkJ o jilL J-laVI J jla-a 

tlua j>* <laiuwi i(jjla 18000 mg/l) %4.0 UjJ f 

£.u1\a (JjW ^ jajJaaal LjLaJj t— iLkJj^uJI jjj j ,#.Lall ojl^a. ^a.jJ jc 1-li-aJ! 
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LS *^h _J*-all "^JJ^ L>° Ljajla iS 4jLlla JJC ^jjjlL oLudl ^IajoJL lilljj 

(jj^J 1 <n\vj .75 mg/1 4-aj3 IgJjjJdO ClljjLvj fj\ *La ,^"i>n<\\l oLudl sjjoiC. <UI jj 

jl jfLaj l_ ujjI jj j!>lfLiu ajjjjji-aJI j a j;uJl£JI Jjjjla jls 44jUil U ji NaF 

.Ja jiaajj jal jjll OjoUj I JJJ^i3 JfLiu 
■AiLJa-all jl£ Ijjj .e.L<JI < . ^.J > nM £-a Jjls^l (J J^"» ■ft J -ialjll Jjl*J (jl ^'.''J 
(J j* uS £-a ^Lj^ c^liiajj (J Jit . > 7n (Jj^alL -iaJjJ jl j£-aj3 cdulj ^alj (Ji»-a 
^ j£-aJ La£ .c-Lall J^*- 4 JJ^I J^-^j LjjJa (j^AJj tl^jlilajj AauJa^l 

j]i f .10*11 duai (j-a j ..isljll sjjU-al aUa jlixl <_L^>li al VVlnil a Jja . <n\\ CjUaa-all 
^jC LuiLaJ jSjJ j£3 aJ <j-«J 4*La]| jljc. 4^J^. £-a jjJua-a ^toLa (jC ajhc (Jj^aUll 
l_L^alall j-a 4jJafj al laJiml jjfLaJj . .l-lam ^ ^7. ^ ^J^ 3 <— ^JJJ' -3 -' (Jj (Jj-^jH 
. 1 . iIauU^U .ll-lstl! 4jLsojujI £-a i-Jjqil n <i (J^'".' .laljll (Jjat ulil 
jl a jAJjjuoII Jjjjiaj^jluii Jjj jjl 4iL> Oal jj JJ^ll AjjLall CllLilaJI a^aluij 
4 <>hil a laJimJ . (20-7 (J^">) ojjjLw tdojouiiuj j j jlall (j^a-aa. Jjjjal JjlLa^a -isljj 

Lai .4j.lijll (J.lsua jali '<~\\ < ■ iIauuI l1l)I ~\ CjI.jI.1c. 4jfLjLa JJJ^/I aSaJill 

4_Ui.J-a <La.l jj dllj Ajjjjjfllj 4jja.Ua. L-lliuJa-a a lau 1 ta3 c'a JjT 1 ^i\l AjjLall dlLilaJI 
. C.Lall ( . iLluijl J-la-a ^Jj 4jjoulL lilj 1 w\\\ 1 n j j jlall (jia-aa. ojjljt-al lilljj 
AJaij ja. jj al jli .4-aJU-al! oUaII UjJC j-aj 4iaiij ^3 Jjlill ^j-ia (J^Aj 

JjlalU ^ajll <l^aila Cjljj^aJ j-aVl < . llSaJja 4(jiajiiJlj ^ s^a.1 j 4£jliba 
^jja i-Jjlil ^ Jji^l AiUjaj (j^-aJ '^JJ-^I ^-ajJa-ttll aliaj .oLu 1 (jij-a 

(j£-aj .(jjji-<JI (jlja. Jj ,_^Jja1I liSjliLall JaaJI jl 4<3uJa-a (JS i-jjjj^aj 

(j^a ajlill (_HUJjll JaaJI JJC- jl sLlS JJC s-Lall 4 La a ^ t-iUjaJ jl JjliU 

JjlaJI 4iL-iaj L_la.jJJj .(^jiill ^UJI (jiaja. ^3 ajjibba i <1 1 ^|_] jl <-llUajjJ-aJI 
J jA\ ^-a 4j!>lc.laj jC aaJu J ^Luia UjUS ^Ui J tULa-a tdli jl£ ^1 SJiliSI 
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CjIc ja. £-a joiall jA (j^a j> ■^■sll 4^. j ^jic. (JjJSl] JC--1J La J • <_£ ja.Vl AjjLuu^II 
-Llij (jjSj (jl jg*-p£ ^ . I^j> all — ajj-uC- ^Jljj ^ialjlLa Ajuill j-a aJjSj 

La JjlajU lillij ^jajaJl£]| (_5 jaj a\jjLuu£ *6.lLa ^1 jc jfLal La s.ll*J Jjlall u^- 

.i—UjoijoIIj Jjlill isjLaia. qa jfLal 
oLiaII j«a (_J£ ^ Jjlill (_g jOa jLlii.1 C.LJI *JJ^ LS"^" *lj-">V^ (j « » ^"'.i 
4_ia£1I jA A^JU-aJI aLuJI ^ jjlall JjSjJ jjlj 4-i^Jj .^LsJU-all oLuJ j fLvll 
AjjLlAj^II -^J-all jl jjl Cll^-N ui Jaia. t ■ ^ j .(-Jjjill aLw jjjla-a ^ l^j ^j^ajxS] 
CLloj ^3 Jjlall , all 4_ia£1I jl qa Jjaauil Jl eLvoll ^ j 4jl, . a^all 

(j-a LuLuu^ <jj>n-s .all 4 jo^ll £-a Ail > >>rt\l Jjlall 4ja£ ^jLjjjj jl ( ■ ia-jj .LpaLjal 
.AaJUJI oUJI AoaS j jjlall jjSjj sjLj 

9-7 Jl» 

.Ijjjlaj %4.0 A-AjoUJ LtJuLa Vjla-a slxalL jjg aJ ^gJJ JjLj .lalj l <J n J-iJ 
(jJI 0.4 mg/1 ^ILJI ^^jtJflaJI (_J jIoiaJI j* Jjlall j£jj *^Ljjj UfuiLa t^jJJ j»-all 

t jjlall %45 Uj^a Ajjjj aLuou i Jtc ^jU^ll NaF j jmh^ ^jlajjl.O mg/1 

4x.ja. jl^La La (<_l) ?gal jjjLa 4^JLua ( . lllaJJ NaF QA ajjjl I . boia.1 (I) 

?gal jjjLi NaF j* %4.0 jj£ jj Jjl^-a 
JaJI 



1.0mgF/l- 0.4mgF/l_ ^jll~ NaF 
0.45mgF/mg NaF mil gal 

lb/milgal x8.34=l 
mg/1 



NaF/1 t> 40.000 mg ^ NaF %4.0 J jl^-a ^jlaj 
. 0.45 x 40.000 = 18000 mg F/l j 
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1000000 mil gal (1.0 mg/1- 0.4 mg/1) _ 
18000mg/l 



10-7 Jti« 

7000 m 3 <aJU-a ^ ^jjj ojjjia jSjLoi 10 kg i»a l_sU isl j Jk^ 
^Jjll t> %61 j Na 2 Sif 6 t> %98 J 2-7 J j^J ^> Jli-u ^> 

10 kg x 1000 g/kgx 0.98x0.61 _ __ _ 

— 5 — 0.85 mg/1 

7000 m 3 



Sj^JI 12-7 

J^J •fr^-aJI 4^ ^hViuiVI 4juLiJI 4jjUu£JI ojUll j& jj^ 

^ U Ijij <UU <A*1\ 4aaK O^J 'UJJJ^I J* JJ^ >VI JjAiilj 

AojjLaJI ^cjljjll (jiaii. 4jjj!iU (_S^p>VI Jjl_jfl]l (J-°J • fj**^ eJ^a-aJ 'Cal l^jj at 

jlc. (j* Jla 450 4-1 jlij Us la» > >>\1 Cli^j AjjLa. ^ I Jj> * JjLuJI JJ^' 

<U-a ^lall ^aljjllj till j^ll «•! (jj^J jl ^tjii lil <4jUI3 Jl£l Soiajll 



515 



(Jiifllill 3 " JJ^' *J^Mj JJC- (jl j1 Aj^aLi. Ja — jlj^- 

j» Clu jjK j-uA j .(HOC1) JJJJ^ J£M-^ ^Xal Clu jjK jJJgJI j 

djJJjK JJjA jSl JJJ .d.Wull I— lllV jll j^fl ^Vh/JI ^jLJI ^_sUJI JLill jA 

^ jjj^jll Clujjl£jJJ& jSjJJ .^tLa jjK (jx %70 S-lJ^ La iSj^J '*La3l ^ 

jjlS j> %15 j %5 ^ jljli j^lji Jji^ Ujl*3 (NaOCl) 

AjjLall ClAjuiiaJlj A^LuJI liljj j^lc 4-alaiiuj| j . mToj lil t CLu j jJJ^JI 

(jl 6Jj-iJ laJ > aJ c j j j jl£ jjjgJI j^<\s (J^nijl ^Lall £-a JjKi! ^ "»"'.) 

JJC- HOC1 fJasu* ^^JLu cpH = 7 Cjauj .Cjjjjl£jjj$JI jjj] jjj^j 

12-7 aJ^U-<i tOCl - -Uxliuua jj^J pH = 8 4a. (Jj3 Uuoj tjjj^a 

pH>8 

Cl 2 + H 2 0 -> HC1 + HOC1 < > H + + OC1" (12-7) 
pH<7 

Ca(OCl) 2 + H 2 0 = Ca ++ + HC1 + 2 OC1" + H 2 0 (13-7) 

JgjoU Jji^l (Jc-^JJ 

HOC1 + N H 3 = H 2 0 + NH 2 C1 (qJ jjK ^iJ) (14-7) 
HOC1 + NH 2 C1 = H 2 0 + NHC1 2 (jJ ^j) (15-7) 
HOC1 + NHC1 2 = H 2 0 + NC1 3 (u^l jjH CjI^) (16-7) 



516 



j^ljjK _JI j j^ljjlS ^jUVI jLiiij .Ujj^Vl ^ij jji^U <i..iultj 
^.jj 8.5 <> (jd pH JU-a jjja j .8.5 j 4.5 j±> ^ jl jjj pH JU-a ^ 

.^ja-aljjK ClJlj £cjjj 4.4 (j-a <_Jal pH (3-a-a ^ LajjJ ta^jiAJ Laj-aC ^j^ljjK 
' " * £-a jl Ujj-aVI (j^jjOJ £-a ^gjl j <\j^ jbijl ^jfl Jj^jaII JJ^^ <— *^)*^J 

(j^aaill dltjJaa. dla-i >ij Ssty .^IjaII AaJLall jjKIL t^jjJaxll (jja. 

.((11-2) Sjaal! ^ ^llaJI jjKU ^ jxLaSI 
jjJSII jA (Free Available Residual Chlorine) ^liall jaJI ^SjI^I jj^' j 

jjKll Lai .ClujjKjJJgJI (jjjl jl (Jjoj JJJA (J^oa^S ^Lall ^gi Jj^.jaJI ^gijlaJI 
Luja^I £-a ^Luu^ jL^jI t _gi J ja. jaII (^jijlaJI jgi ^IjaJI O^iaJI j^jlall 

^jc jjaLlaJI j jj^l"w\ll laJLall j jaJI JjKll 4_ia£ j oLaII AiLjsuJ 4ua£JI 

.aJ la <i (jjLaj ojj3 







/ 

/ 

/ 

/ 

/ 






\ 






4 
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/ / 
/ / 
/ / 









iJUa*J¥l 4ja£j 0 jjlSJ >»J (^Ui. :17-7 Jii 
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i_S jjuiS ;Ujj-alj 4*a.^ya j i <*il V. Jc Ajjla. sL}-a J) JJ^I ^ ■ ^*»J LaAic-j 

Jjl^i lIc-^J -17-7 (JfLuoIl (jJfall JJ^ tljbiLLLa JjlaJ 

_jA La£ ((jJiLSlJ <L13 dAjiyiA J£j^JJ Sjja.j*ll jj^aUaJI £-a jJ)i\ 

ls* B jjKil j*. uj -B J] A t> ^iViJ ja. J ^laj^ 

J 4juLiJI till jjiall ^^ajJaJj) 4jta.^a]l jj^aliaJI till jjLa tlllALlaJ frlfij^U 4jj1La1I 
• ( (j^r"- J J-y&^ -y^^>^J O-rt"^^ UJ^'J < —yj^^ 4t_Sjjw^»JI ab-aj e.Lall 
JLiaj ijiiiiTi B <Jaiill J) 4^UJI <jc a^jl j CjUaSj JjKJI 4iLjal jl 

J ja. j 4 ajgj ^jjjj oJlc. (jj-al t_s"^ J LfcJ^JJ^ c£-l^ 1 . U "^JJ •U^JJ^' 

4_LujjIjj JjVl <a.j^U La^La J£ <Ua£ t_b uaJ j .LagifLiuj a£aJJ 5Jj]a -Lul jjJa 
^lla LIL j$JaJ 4 jaull I^A Jc. J£j&La]| jjj jjl£ll jli lillj ( _ f lc- j .pH 

t^llall jaJ JjlSJI .ilpjl £-a j ( s? W ''^ 1 (^Sc C 5JaSj3l) J^unllj ^lla ja. 
(jaa.jjlj tlsLa^a (JfLiuj ^aVI I^A 1 . " "'"'.) J 'I's.'l'" (JSjjiLall (ja^il j_»I£JI 1 * n^tlj 
f j5J (jill j '(j;}?. JJjjll .IjJjK tllJljj C (jjlS. j jlill j 4tljjj!ijJI 1 j i n^la to 'lui^^a 
.Dj C jJJ b ftiJ J jAUi jA LaS 4 JjKJI LilL Jl jails ajjOi 
Ljijlo gIaJI JJ 4 't\ >^i<i\l JL^aVI J^iaJI J^Ai 'U^JJ^ a Ajaiatl) LaJLa.j 

D 4 Lflill Jl ojlfr jIj^Jj .D t^^l (j-^ 4 ^ l>» "i&lk^JI «■ j^Jl <^ J,lu.4 V^Uia 
(_pa*J ^jS-aJj .La.liLa l^)a. Ijjla Ia^xJ 4 al i^-i^ll J_alSJI (JS g ; > <aJ tllia. 4 jjilll 4 Lajj 
.<LlJa ^^jIjj 4jjjau3l AIiaaI JaJ j 4<iaaj]l J*J ^JJ j! a jliall j^! J_alSJI 

^Li-ajSlI (Jc-lijll ^j-a JjiSil ^Lt-a]l (_J*i3l ^clil . jjoiJI ^ (jialj-a^U AjJjoiaII <Jj^ -s ^11 
ialuj .L^jUJ Ajjjjj^all tljULuJI cJJaxJ i) ^jJjjS-all 4jkJI HOC1 U£ 

4pH llj 4(jjjLajll '^^-<^^ JJ^' (_J£joi j JJajJ (Jisoa 
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jjjIjj .pH SI ■iU.ijl £■* JJ^' * J ^ tdJ^lj n-ujjlSjjjfrll 

. jaJ JjKJI b Vu 4j ^lajj ^ill tSllj (jfr IjjjS Jaf iujS^all ^LjaII JjKII 

Ajjj^jJall lillj (j£ Ja j^ia j^j (J J& jj£I j ^glc.1 ttllLjjl JiijVI dll > nJjS <_JJ J=0 j 
jlajV 1 -sjuijp j I jj'v AosJajoJI oIjaJI 4jsJIjca (j <\ > aJJ (illilj .Ljjj^LJI jjaJuI 
(J-alijV tJlljSj c^Lijjall fjMj&i jl^l cHajAiJ CjUjIlLVI CjLajjS 

Lpl i£jjjjll fUau <LkWI sLaII ^ jjK j^Llo jUjU AJLalal! A^jIaaII 

alo-all (jj c jjiall "Uakj sjjlS > . iliaJJ <^-Aj j]l jj3 jj i " (Ja 4_ijJa^)A 

.(17-7 L&^) <j'^> Uj JaI 4_rJsuJ 
oLiaII ^ ^SjiLttll ^pJI jjKiljI^La (j-a jj£l ^nn J_aK ULiaJj 

tjJA&jll jaj JaiJal j (JfLa LS lc *IL^U £jjjjll ^Uai 4lkl.JI 4aJU all 

(jjLa1jj]£J| (jU Wi.a\l ( _ s iiLa]l ojjl^ cJi-°JJ 4^a«JI ^glfLall ojjKj 4jjtLaj 

4jai=JI jjj (JA J ^jia j » ^ -lalii^VI j^AJ JJ^ t5^° U^J ^C-^J cJ^t 
Jai. A^kjJa Jj3 A^JUa aUa ,lVu JjiLa 4iLjal (jIaJ t!i\la3 .aj^i£ sjlfrl ^1 

. jjl£JI JjiluoL CjIjjjj^I jjjl 

H 2 S + 4C1 2 + 4H 2 0 = H 2 S0 4 + 8HC1 (17-7) 

jjjtJall ^^<-- f I ■ 4 la la i al l oLiaII ^LsJIxa ^3 jaiall ^JaSj S^j^ alS - 

^^ic. (^j;!^!! jAill ijjcajj IjjjjSjJI (jA (j^aiaJll] j (jjj^."b n^\l JJC. 4jaol^)ll j 
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jllixs) jaa. jllgJI (^^J clA^* (J^nni <— Ujuiill 4jj1a1I AjaJamll oLiaII JJ*j1I 4jakj 
. (jj^. j^lgJI CIlA^. (j^aLa^Jj ((ja^jjOigJI 

^jjjoi) <LJaj| s jjiS 

JjjlaJI oJl^ljJ 4-aJ<i*J ^JJ t>°J '^bU*^ JI_4a5Ij ^Luij^l i]S> <SI jV t aJaJjj 

jl ijjk-aj t^iij J_^-° m f J^J -50 mg/1 jfr JfJ ^ JJ^' O" 5 Lgj"'^ 1 ".' Ai- 1 ?^ 

(^jiij (jl ^»yijj .(Jjijj^)1I t_ij^jVl ^Laj (^^Jl «.Lall j_al^l o^-J jj^jim ^-j - 1 *- <1 

djUU.^I J£ l^U ^£ 24 hr i^l ljj^VI «J Sjj&J! 

24 hr II ajI^Iij .l^uiu iy* .iSfcll Ja*JI jja L y^Ji\ U^W ijlal (^Jc. c^U js&\ j 

4jjjJaJI (J j • t5 iuASI J>^' t> 50 mg/1 jfr JL) ^ la C5 iil) jl (^ijjj jli 

300 JjK jjSjOJ «.lall (j-a ^aiaba jlilj (JjjJJ^I (-JjjjVI a" iAjjill 

oIiaSI J_a-afr jjJ (jjiLaJ j3 jJJ L_lLljaij^l Jox* JaJjJaJj .JS^I ^ji&mg/l 

Mj^jJa JjJ-aJj 3 hr (jC- (Jij V o-i-a] (JjjJJ^II L_!_af£ll 4_ilkl.}]l ^ jjajjjl j ojjlfLall 
dc jilll ^jaxJ jLajJal JaaIL dlLal Ax*a \\ foij (./J j=^i\ CSX^ jll ^ «.LaJI jlij 
jUa^l dlli <jaiJJjll e_njbVI ^ 4-UjoIjJ ojjJ-^aJ Aljjiall ajlA ^VViun j .l$J AialaJI 

Jjiall ^ l^jl 4 jLLaS/l oj^ij-a ^uUJjll S-yJ-W! ^ l^ahVluil ^ 
^JaLa ^ - jj..,\K\l CjjjjKjJ;!* (j^aljSI ^jJajJ (JjjoJlSI jjJ clj^-j ^-jj 

(A) ^ ' ■ '.^ j"^ ^^jSoll <_J£ ^ j 4t_ljjjVI (j* 

(j <jl«jJI L^ilui jjj (j-fll jaVl <jI iV *lallj Jji?JI o^Jh M J^^' 

(jfr 4j3 (g^jlalt JJ^' j^J^ <-l^J ^ U' cs*^ 1^^' C5^W^' Jjla-all (J^iJ •*- r iJJJ>U 
jjiall (> _aJ ^uLijll ^Lijl ^ajj . JaVl ^ 24 flT a^aJ ^poLali 50 mg/1 
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£jJaj cJjS J • t r J J J ^ 1 ^ }-i»nl^j Igij jj**aJ j a jjKibII ol_La]l ^^>j 'ajjSXall 

. <J jja. j^>SLia t"ll ^ j^J^I C5*^ 4-aJaJI O^pJ^ 
a jIts \\ q <\ \ ^Tl j . djLaLaj^all i-jJjal (_3^lc.j ^JE- Jjui^^\l l_J_ajjVI (Jjc aJJ 
(j-a eLa]l t—SJ^j^ii} ^LjJall £«a clljilll <UI jV jjui^rtM ^JaLaJI (JjoiC. ^-^iL^a^U JjVI 
<_)jia-aj 1$jL j (-JjfibU aOj^aJI ^JalLall ( '<J^Vi"i ^jj-^l . j .(jJliaJSI 

(_Jj3 (jjS^iall ^IS (_^iUJ^)ll i_J jfiVI ' ( ■ u£ jail (_JjS Lluj^aKj njg II (Ja %5 

<_£ j]| jjJaLall Jjc ^tlij (_S jjlaJI dla^ajai ,^-sl j J] aUaall oAc\ 

<-Jk jjj La£ 

^1 *.U1I Jl JjKU 'aj^Ua 4iLja] ^gA lilljJ jjiall ci-^jj <jkYi\l J cAA*^ 
• J_»li-<JI (_£-^U (Jj<\^> ft jjlfLa jl^a. jl llu jng II Usj al JaAijAj (jl_)aJI M. /lm 

Jc 6 hr SjuJ jjKll t> 50 mg/1 -klaa^Vl jA lillj J ^Ull *l ja>7l j 

L&aa (ilSj jl£ jj tija.S/1 £ jkuJI j (jlj^aJI £tJ 4JjOj1I 4ijkll \J\ .JaVI 

. c bJ jjlSB <> 500 mg/1 Je jU J jk^ 
jjKJI j> 100-50 mg/1 fla^luL a^l ^ t l^L^j j jUVI ujS ji 

LllU. UjLa ^ru^ij J*. S-lpaJ jlJI J.mliuS t . 1-> jj .24 12 llT Sial ^tlall jaJI 

aa - ^q* > >i (JflVl Jc J-SlxJ JjlSJI Jj^ " t>* ^ ^}- 4 ^ ' ^ ' •ejjSjtll (j-a Ulafr 
4jijJa-a]| 4j|jJajuol t*l]j .laj (JjoixJ .ajJa^^i. ^)JC. jl L_l_afiSfl ^)JC. jlJI J frLall 
.$.Lui£^n (jfti'si A \ i's-iftW A£.jA->. a cJl^j J -0 LSJJ^ Jj^-aJ !o;l^l i— Jjjj^lj 

.l^ij^j^aJj a jjKoll oUaII ^jJa aJJ tl2 hr tjC- L&j V Llj^ (jjLoJ ajla ^*Jj 

jal jj2I j CjIj*a1I 

AjuUill al^a.VI j .4jajiu-ia-a 4jj^/j3 diljljiajuol J (JjLuJI J_ji^l pJJ 
.Ja 1 IpiUJ CjUjU. tSJjill CjLilall J aOaioU (jSJj . jU 150 J 100 
jjjlj ^ya A-laa aj 4j^j1I oil^j toJjlj dlljjLiJI ^jj^ij (_jialj-a (J_jSj ^jl ' ■ la J 
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' -la mj ^--aliu] J^-J J] ^jl jiajaiS/l J (JjLuJI Jj^' (-J^J^-i ^ jLjujS/I 4-a3 die- 
J jLLa.^ I <J»-aJ QlAjcu-euz <Jjxjou3I j ^Jai^lll (j jfL] (j1 t ■ 17>J . j jKJI jl*J ^-aluba 
oj ; iaa1I 4_aj|^)ll j3jjj .Igi-aSj Ig-a. Jaj dlUjLaJI (Jjj^ajJ e.Ujl J ^.iS/l l&.la. 
LiJaJJ Sjaj ^HAa Uj^VI £-a Jjlall Jc-lij Jj IjLjj .(-JJjoS Ijlijj jjJail 

JoiaJI aJJ (jl JLaSJj . <J j > ^-ir- -il j-a £-a dl^lc-lij til j.la. <J>aJa-a]l (j-a <4ja.uLII 
.<_£ja.^l i j-all J tlLjUajill JL <jc <LaSla £$1 j-a J 
4 aaJLail Ailia-oll 1I1U jill ^ jjl£JI jlc- Oal J J AjjoLJ J&Vl a-ia. jli j] 
IgUr.j .4jljiajaiVi qa jlaJI L_lUuuVl J^*-a lafuaJ a j&j jJI j jil jll Jaa. J 
I jjg aj (j-ajJ Ajala. dulj La . >i J ja. j £-a ^Lall JJ. 1 ' 1 ' <-i (J-aC Jjaj .la. Jj Ajuij 
l-iir > >i JJ*JJ a] lijj t Jjj'li <-»ll ^iij 4jji sy<\\\ c.Lall afLaull (jfLaJj .l^aluua 

^x^ja\\ Jjj'li ^ill 1 flfc-j .AascJaj J 1 " lag llAj 1 ■ lljjou VI (J^Jt-a ^AjJjaiS jjg_aa]l 
^jj . alfLaAj 4ijJaJ Ajila. ^-i (J^jp^ ^J?- 0 LS^" ^ L>° 18-7 (JfLllI J (Jj> ^a")\L 
Jj I jL\j j j .V l$J jli ^aua]| jljLa JJJ3U JJC. ujUjouVI J-l*-a -L-bJa 

J „ , ^\\ ^jjc ' adll (jla tajl^aJI <la.jJ JJ*JJ J_J^' ^ jkiil i a JJ«J 

(jli tdli 4iLjaj . jjSla (JSjjjJ al <\ * <~*\\ 4j3tjJaj jajj >i (jj^J IjjIj ^^iij V ^liJI 
lUaaj Ak- Saa . all dll jaij ( aSlaJ ^3 ja^all i_ajia Jc oOjLaill <_S jjlall 

j»lajl ^»JJ Cj»Loj^all JadjJa J aOA ajjiiall Jaj^)jiJI ji&i ^»^C. jLajJalj . Jja.^11 
#.lj^JI e^laJ (Jj-^J ^ < " a ^ J^- J ^-a t Jj/l» all j 4jl jiaj-uVI (JJJ la« ' a ; ->jhV'< ^1 <ii in 
JJC I'qU.o La > >>\l t ajaaJ ^Laj^a Jc *tLVI ^JJj .C_ ajjjLajII S-"^ 
^»L<u-a JJC La > all diaj Jja.j<all JjKJI J-a j tc.1 j^JI #.!)la.l 033 jli j^ll p.!iLa.j 



522 



V Jii S jJuA ijUjill Jj^alii iJjla-J 4jj»jJJ CjLW! jiui hh\ a :18-7 JlA 

(Wallace & Tiernan Inc. =i> 5Ssl>«) 

'(u 1 jj^ 1 ^) (Visible Flow Meter) 4j>^JI sjU-jVI dbl^c. ^ 
*jixS!l Jix- Jau-s ^tiL. j ^(Pressure Gauges) I ^ all o^^L" j '(Rotameter) 
jjKoll s ja^J V 0 ^ 1 ^ j 31 '(Feeder-Rate Adjusting Knob) 

.(Chlorinator) 

<_}a1£ ^)Jfr J_ai£ll <£jjoi JU l_La. JlA\ (j<a jj] tjm a ^jLal 4 K uj <n t"y 
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4jl$i J 4ik* t_jjjUI J jlia alia 4jjj»,-i^ 4^JUa1I ^ 

Jia-a '"'J.'"'"' (_£ j^JI hh Jill (j" 5 ■ ^ tt 4j^ cs-^ - J' cs - ^" 1 ^ J CS"^" 
(_ya^A t" ,n hi .nil (_j-a ia-aill I i& j . j-aJjoui 

di^-la-a <_J£] 1 iiuiA aj^La AjjIj cJ^*- 0 cJj-^*^ 4-njuAlj [AjSjjLs jj jl] 

t"ll nail !^\-\<ij ^'qn^ 4j£LijLajjj! jafJa oJt^j ^.^"un'l . (_£.li<a 

Jialaj . jjKaII kfJa L_a^j ^Uiill JjKll 4-laii (> Ijlik-I lilli j t_jUaU^I oU^b 

*UL] (19-7 J£S) jjHJI -W^j ^L^l ljL^VI (> JS 

x^a jjKIU Ajjlilll ^jVI ^Jalall jjfr i—lLxjdjVI "aj&AA ^jj La^jfr 4j.llc.li ^ ■ ajl 
.4_La ojjiLaJI AcjaJI (j^-ijqVil JjKll b ; jiu Ajjil^a 



31 ,1, ^->'i i JuS\ 



2 



3— 



jjMj ^ jiUi jjlSS Ji&A LoJa j t*^ 1 - 1 jjji sjUuu! :19-7 <Jii 
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Uajaa^a j Aj jaLs. <auJaJ ^iLkJl j ^-aUVl jJjjUJI 20-7 Jiill J$ijJ 

gpd/ ft (jJJ jl jjj dl ixjod ^jjJI i^A (j-«s ClAauJaAll jSjjj .4_uUJj]| IgjljjfLa (jojj 
(—IjllLa jljJJ m '300j 20 Psi tl)JJ 4 jrtfcr.l ^jSa. Ja jajJaJj c25 J 0 

4jLc.L o^jj^j 4tlJja 12 Aiilji 'j^low jLjjj J cdJja 200 J\ 110 Ajj] ja 

tdj|^)S dlljj dlLal <\ > (j-ajJ .AjjLiAlSJI <LajlLa 4jllii-a jljx (j<a <£. j'u 

1 a^". <\ l.lui t C-^ 3 C^ -0 -' ' • ^ '"^ <-^"^° L>° 4 j'qW ("ny'n ^c-ljSj 

.juVi jpjA ^jVi ^j-^w 'AjjUaj^ii jaIi o'j^ <J! ^ 

A -\ i 'r~\<\\\ t^Jja^a Aj\ j))-y > J 4j^)jJa (JjJaj t4^jJa-aJI J _J a ' , _ aA ^ cH 3 ^)^ U^JJ^ 

J^xaj -<^-»tl 20-7 JSjuII S jaUoII S^a> j3U (jIjuj U 

L-luil JJ a (J^- 1 -^ Jj-^*^' J LH^} 3 ^ L£J*^\ ^iLajll (J^aa J ( " 1 <\ > LaiiJ •IjJ-lj 
Ajaala^ttil ljUjouVI djljjij ^-a AjjLuu^II SjLall jto. jjl jj i - ua J ti—iUjouVi *-a 
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OjljjlSjjj* Jla iljUJI ^jjUuill il Jaj*ij <j«ljjU ^U! ^ujJ^! ^j? 1 ^ ^jvJm :20-7 Jti 

Jiu> ^Ui* jfrEj Jolt (u) ^Ljifl *jaJI j$iaj y->U jJaia (!) .4iL«jjjliil ^jJJ^-aH 

(LMI, Milton Roy :6* 4ial>«) .CiU^i*i! iaki-a (^) .kuijil i-ijJaSI Jjla ^Uiaj J> 3*^1 



^JJj iA-sJjll j ( n UW JaiJal jl ^jsViN (C10 9 ) JJ&tt ^tj 
^ Jjl^ii £-« ^JJ-i ClujjlS Juliana JJC- *-^l <LaJU-<s llll Saa .n ^ji 4_*.l_ul 

.18-7 AJ-SIxaJI ^ ^jJajx jA La£ 4 4j ^"."m i -b nl n 

NaC10 2 + Cl 2 ► 2C10 2 + 2NaCl (18-7) 

AjjLowi Jjlj o_\2kla]| C-LV j]l JJ&JI -1^1 ^Ijiluil jj 

AjjIaaj-^ <__sL£ja ^ j C_ujjl_UI CIiLLlw j C_il jj1£1I JfLiu Aajl-Uj ^ U jj£I j 
<j-^Jj .1 mg/1 i_J^jill oLi-a ^ jIjajI oj^J Igj ^gj-ia jaII Jj_\_\JI j .<LaLai 

qa jjl-UI -u^t ^Lj U tulul ^jjJ 3^ <Aal\ 4il£UI ^ Aj jLuix 

pH JU~« LiJ^I j»3XAll 4iai ^ Jjl-UI -UjoiSI ^Lj LI j-a jl .Upl j _\_vj 6Jjl-UI 
j»Uaj ^1 4_vJU-a]l oUoJI ^ 4alc h°llV; jjK tir Lla J^un j (^jJj 

JjS *nl jti.jjaj Lj_^aVI £-« V IgJclij ^^c j tAj-JajaJI sIaajI A -\ SU o j t^jjjjll 
. (jj^. j j_U^JI ^^-> (j^* (Jj^ '""^ 4-1 j 1 <a*]l ^aLo_^.VI Cjjaal jjK 
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11- 7 Jtia 

jIjLo -17 lb/day t5.0 mil gpd 4 -> ll» J ^AaJLouJI jj^l jljiu ^Lu 

— J ajiLa <CJ?JI (-Ujoa.1 (0.20 mg/1 t^Uull qa 10 min -i*J (^SjIoJI 

.jjlSU ftUI jrlii^ljmg/1 

17 lb/day mg/1 

<a jaJ = — x = 0.41 mg/1 

5.0 mil gal/day 8.34 lb/ mil gal 

jjKll jrUb.VI =0.41 - 0.20 =0.21 mg/1 

12- 7 Jli» 

Jjl^xi jjc tflljj ^c-^>^ 50.0 mg/1 j»lAklmlj iji^ <_w^j s-l?^ fj**^ 

<_aLaJI CIsjjjKjjj^II j jajaLa jjj ^JLj <j-^ ^ (') • ( AUJ^j£}frM Jjla-» qa %2 

J jl^o *U\ cja J3l 100 WMiJ s^J 'c 1 ^ 1 J-^ 1 «> %70 i> 
^1 JiUI *UI J\ liA ^ ^ M ?(mg/120000) %2 

*UI t> Jl3 34000 r Jiiuil I jj ?50 mg/1 « jJS JyS ji i>.fcl J m jj&I 
?<ul.iilJ J>j CjjjjKjjj^I J jLs^a j> JA £ i50 mg/1 J^«-<u ^ jll <_s jjjVl 

<>JI 

:%2 J jk-a J-icV ciUJI t-UJJ& JJJ^JI Jjauoui kg JJC (I) 

1001xl.0kgx0.02 

0.70 e 

:50 mg/1 o j-ss jjSjj (j^aW J jLi-ttJI 4ji*J Jix* 

50 mg/1 



20000 mg/1 

~ Jji^all Jlo 400 

fe) 



Ull J jkJI = 85 1 



20000 mg/1 
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fjSauiJ AaJUJ! g2l jjfl 13-7 

t(_pajS/l ^Jajoi L5 Jc (jLijaJI ^ 4 IIaj ^ CjljUj (_£ j^J ]nm IaLlo ojlc- (jj^J 
jLjLj oLiaII 4 <i ClsLS^a Ajujjj^)1I l^oljjl ajjlfLa ^1 j-a 

f jjJi j (CHC1 3 ) f jja jjj^I '(THMS) jlUll jlV ^<u 

d£U <jiUJj tic ^LjU^I JILiVl JSt£ (CHBrCl 2 ) jj&l <# 3L3& jtS^ 
a oil djL£ jJI qa < j-luj ^ dta AilJa! .(HAAS) 

A JJ ujjj .4aiAJj Aiaujl oj^alfLa JJC.J sjjlfLa cIiLSja lillj LaJ cisjllla]! JJC- 

(HAAS) jlUJI c£U j (THMS) jlUll ^ UJ^ J ^ 

0.060 j 0.080 mg/1 Igj <-_ijjill oUaJ ^ji^qll liijJall djLjlawi ^Lu j cAala^aus 

dj^Uj (THMS) u^jM lA*-* iJ a^j\J\j Uy-^\j 

g3l jjll js j> ojjy jjK j] US c(HAAS) jlUlt 

4jjc- ^»LiJI oLiaII (jj^J <— uuijjll jl^r- ^jj j " . ^1 j<\j^ll 
4-aJ t> 2.0 mg/1 — j jaSI U jy£ J3 uj^ J '(HAAS) j (THMS) 

^cjljjll (j^al > ^>'i la-Jala (jjJ^ (jj)*^ >n.n JLi.jjj t^La^VI iSj' ^~ |1> ^ (j-J^J-^ 

.<_&LuiVl >a j 4jiiU\l 
(J^joiI 4ja lajoill sUaJI A^Jlx-a ^ o^)^lia |_Ulj-a ^ JjKJI 4iLjal ^)ij*J 
(—UjujjjII j JJoiall JJ^' AiU-^aj tj^Jj •SjjSlaJ! jIjaII JfLjJ (_>iaiaJ ^jia 
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jl .CllLijjfLall jI^cS/ (JJnirt SaAj >y\ sjj^Ja lilLlA jfL j] 4^Ujjj1I jl 
cJjS 42LJI jaJI <11 jjj 4jj11»a1I 4x^jaJI t biiu ^Jo Sjaiial! SjjlSlI LI Ja 
uua AiLwal jfLaJ cLjj^jjJa jj^jull laAjJall jl£ jla . j jKll 4iLja] 

(j£ajj i^Jlail jl ^all jl jiaV a J^xaJI ^aJU-all 4la.j* ^Lxal ^ W.VlJ jjJJ^I 
.^jjjjlill (JjS 4jjjJa*JI 'ajLall (JjJaal <UI Jjj jj3 jal jm'Mi J.)"'"**"' *lja>J 
tjxaljjl£3l cAojuUJI £tj| jjll <JfLiu L_ai=kj ^1 ^Jj-^l CliLaiua]! qaj 
alau 1 3Ja . >i Laa*-a L£-^ J 'U^JJ^ al.lVlml jj • jjjjS/l J V'"'^ 

dlljJa^)AA]l a j j l-i^ j-a JJJJ iCAj n j joall (JaIa*J ^ 1 It > >i j tLjjj")^ \\\ 
jLaaV CfJ^ A^al iVlml j)£-aJ 4iil3i j^ ^aC-jlLj . L_1^2iJI aLba <=JU-a 

djlinkj jjKll au-SI j .<yjj^l fU^j Jj ^1^1 aUaJI jjK Cir Lla 

^g^i sUj* Lai .AjaJsljllj ^jjjall l-i;>>>\ -lal iViml Jj AiLja] caL-all fi*-a£ a-lia-a 
J AjIIujj JlajJ LaiiJ .(ja-al jjK J*S (jl jj-^J j» jLLa JjK 
44jjjL^a*ll jl j-all £-a J^al^l \l * a£) jL (J^LC jps 4jajjlill ^cjljjll J<\"i-s f\\ 
(jS-aJ c4i Jj*-a JJC- CijlaJila JfLli Vlii Laii*«a jjjjVl .Aau^bII 
J ja. j a^Cj AalUJI 4jal£ jjjjVl [5 jLui-a j . jLuuVI IjLja jj£j (jl 

^S* a£ Jjl^l AiLial LeJUC. jfwS cj jl ^ia-a^ jj jjVl j»^aioil jli C<1 CLlLajiLa 
.(jlj jjlS ^gifLa ^J^-J L^jj^ 
^ 'LiJ^I ' jl j^-«Jj taLi-aJI jpi AajjlaJI ^cjljjll 5JI jj ( ■ tit > ^>\l l jA AjJ 

ell jlil l*la Ajijj j^Ja l^J 4 l-> n^a 4alaC- (J£LLa UjJ jj JJC- C^Uxll Ubl jla-a 

U jl Jial ^ THMS j^JjJI L-iL>lixi <ruUjl g2l jill JaAuJI uJ^J^ 1 
jl .Ic. jiS THMS tlllj^^a ^£1 Jfi*J (_S^J 4;»jj3jjjK1I (j* jjSI 4J j^ . i ,i U 
.IgKnn Oju Upll jj V tlgKnn ^La ^ AjjiUII gjl jj]| Uu>y\ <LaLall Ajjliall 
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4jujS1jca]! till jjjIjII ( biaal j Jfrli j^il <a^3jU1a3I tliblLlall tlljli all 

pjjr'W ^ujUJI g2l jjll /^a»^l SJfrUJ 1 AIs-jaII (<a.i^ll ^ AjfiUJ g2l jiU 

jlihJI j> ^ J \A*1\ JuJifr t^iuij -ola (EPA SJelS ^jj .(D/DBP) 
Jj t(HAAS) j^ jM t>j (THMS) j±?> jM ^ 

j«a Cj_aLal (_5jj^aall lIAjjAjoiaII aJfrlall J.laJ La£ .£jjjlll ^Uaj ^ (^JJ-a laid^J 

^\ US 4 (l-5 Jj^J! ^ s^) (HAAS) j (THMS) —II 

(4.01 mg/1 jJ jjISII (4.01 mg/1 jjKll :^tUl£ oUiLall Cj ^I 

.0.8 mg/1 jjISII ^ ^ 

Jja j 1 -\ juijjj 1 Jjl J fljS I jiij ^^jll oLiaII 4 \1 y a ( " il laa t\ 1 ■ la^jj 

^gj^^a-a djli I i a ll ^fijr* j^ c ~ 4_uj\^JI ^cjl^ajll lifaLil l Social 1 4-l^ ^J ftll 

CjjUI ^ aJil! Ik jl .jVn J sLw 4ac jj ^Jc bbu&l t*Ujl j ((TOC) —11 l*J 
— II JJ^JJ ' ( *\) fiU-all jl ^-}*J ' . lllaULJ 4^JU-a <Uii5 jA 

jLiG eliat ^ t baaaj <uli Jxuskj ^illj (A^JUllI oUall ^ (TOC) 

ia. jj Aj| Vj ({iljudjoil I4J (jiLjl Sac. 1111 eo& jl j^s ^c.jHjj . ^jtojll AajjlaJI £tjl jill 

:4jjVI ^jjJai. j ^»l jail jjjUuo 

.2.0 mg/1 j- l$ fUiiU a Lw (TOC) jj£ jl • 

.2.0 mg/1 j- Ja! JUJl*JI ^Lkill a UJ (TOC) jj£ J • 
4jjla jjS jl j (4.0 mg/1 j- l$ fUiill ja^uJI 0 UJ (TOC) jj^j jl • 

^cjI jill) djLijlawij ((CaC03 ajjjL^aj) 60 mg/1 j^ Jj£l jaj^all alxa 

j^ll jt^jlUl! jlVl! J^l j- f LLjll (DBP) (fJbull ^njUJI 

j- Jal (HAAS) <^J> j^jl^li ^U^l <jJ ,>j (TTHM) 

.^jSB ^Oiag/L j30ng/L 
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(HAAS) j (TTHM) j»iVinj Uiu Jaaa jjlSlI ^Uiill ^Vmn* 

.^Ijill ^ 40 |ig/L j 30 |ig/L t> Jal CjLjLa^ j (DBP) ^ ^_uU 

(Specific Ultraviolet Absorbance, ^uiiJI <jja 4**2iSn J Jlal j] • 
Jal <aJ** J£ dUjj f lkiU ja^J a UJ SUVA) 

.2.0 

mg- t> Jfll ^Uaill JjUII glU-all SUVAAaauoiiJI (jjS J Jlal jj • 

.2.0 L/m 

jA (Total Organic Carbon, TOC) ^1 tj j*±*±\ ojiJ^ jj 

sXjua (JLa*luil L-iajl 4j -ig mjj c4 ILaJLa CIiLjLu (^gic ^jLaJI ^^aJajadl (jlj^ajl ^ 
(TOC) ^ 1 nl ^ jiaill (>JJJ . i^JJ^all eLlA 4 7» \\ t a jj^s 7. a ^Jj^- 

tLJj^l eLiAJ JJ^?ail i> (TOC) ^Jl j] (j) .^^JjLall £■ jj OjO^j L&aa tjlj ^ jl j 

OjJjVl 14-7 

; ->t Lai] ~l 1 11^ jjgj (Joli ^aaua ^jjl j]l jA j3 Auj£j-a UJJJ^ 

Laiuj 4jjjJa& djU^^a j ojLiIall 4_ijjJa*JI 4jjLiaj£]I j Ajj uail 

tjjin^ (jiiLu <La jl ^gi Aju^joJI oOjoiSVI dL>lc.laj Cll^vJ .a j^. J;UiiS jJ-liA Jji^.j 
531 



(-lau tA-ait-a ClLLla ^lij V UJJJ^ J J! ' J="J -jJ^W a^Vl Jj A-UuilL 
Aj ^i^-s"n LjiiSail I^oajj Lslj (3f^* ^W^V AaJLvaJI (__i^jjoll aLva Jj jj^l AiL-ial 
Jijjj t(j all (Jjjj^ ^ij^ tj^'^l 1 . 'J'" J J -^Oj^ 't^A^ A^Jjuj J 

.AaJU-J 4 Lta a £3 j/> J ojJ jj 

Ajjisu (2) ( jjT- ui^Vlj Ajiij J «■! JfrU jjjJaaJ (1) (ja AjjjS/l ^Uaj (jjSlj 

JUJ) j^ij (5)j 'ujuj^ (4) 'ujjJ A^jh (3) '^Alx^ 1 aSIMj 

^tijj t_iiAj! (ji*J £-la] j-n^> all sljgJI l »t>j •(jjjj^ U^Lsjj i— a jV'uii^ll 
' °J CjUaa " iiillj ijj^^ £jLjill ^UajJI - laJ ■ aJj .(JSlllI cjji^il j (jjjjVI 
jjjilj (jjjjVI ^^jj (J-^*--^ ^£^jll ^-Uj . .JJjiillj i. *tj>1iTl j JalijJajl £-a (jjSljlllj 
.JJjaII JaxIoUj -(jjjj^ J>» Jjl jll JLJ4UI J-laVI JJjJ j! AjJa] jill 

i—lL jl ij La.Hfr j .l&JJfr jLj (jj-a£ (JJ^ J J^J J^ ^ ^ 'SPJ^-^ ^tP^ jlj-a ^ J 3 

«.l_»gJI -I a^iuil jj .tjjjjVI ^^ijj 'u^jjj 04 ^^ c_sLaJI (jjajaiS^l jl 

AjliV L_baila j\£ jj jA j ilijj %3.5 Jj %1 UJJJ^ 1 i£ J LL& 
^I.WuhIjj .^LaJI A 11 ■» ,n J (_£jjjjJa]l jj£jj]l (_LiiLaJ (j-aj Jj (J^J-^J^ <_sl£ (jjjj' 
t21-7 L&^l J ^uJsajM jA LaSj • iJjjjVl Luj£j L-fl&l > ^aJJ 'Jj -fr ' 

(JL^J^f a1.bL.iLiB t"llTluifl £-a (JjuoLuiill Jfr (jjJ^aja. (jj (jy^ j-ajll phi .nil (jli 
oLajL JiuiVl Jj oj=>^ l_£ J «-LaJI LjLuijj .eU aiafrl aOfrls ^ (jjj>aJI t-\ j$JI 
4 Jaa^a (jl ji. -1 laJiml jj . Jc-^U o^cL-all "ajjir >^>ll (jjjj-aJl ^Ij^Jl Clllclaal (jn^l.*.^ 
.A^Jal (jjjj'Vl ^^^Jj ^Ijjjjoi *.Lall gJam Jfr (jjjj-^ J^3^^ l-i» >^-ill ^jli 
(Jj3 tajjjjj ^)Jfr ejlajj jl tA3 j Tim a II dll jlaJI J J_a^j-aJI (jjjjVl ftJa^J ^-xAJJj 
jJjLt-a jjL>JJ A3 j T*U ii a II dll jlill J ijjjj^ j^J^ tj' Jj I J^j J^l J A^Ja 
I Jaj JilaJI jLviJI Laj-afr A3 jT'u.iflll till jlaJI J (jjjj^^ ^jl^^'ij .^1 _o^JI A-Jfr_aj 
j^JI JJ > >>%"i ^Uaj jjfr Aijlkji-aJI dll jUJI JJj^J o^lfrj ^j-a J^-^ J ojlfr Ail Jj 
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(Ozonatcd) 



fLJl JJC jij jjj J^aJl Jiuii jjA ptj^JI J^Ai 'J' n\i n"\\\ Jc (JjJ jaA jj ^jjjji ^Jaia :21-7 (Jii 

^Udl jJjLsj jj2 jji Cj| Jt*-*- JiuiVI jaj <— lb h'mII 

jjKJU 4jjlLa lj]aj aJtolll aJjLaJ (jjjjVl - ■ aJ La IjjU 

t_l£^a (J^-"4 Sjlfr 4-al.laJiuil ^Jjj .(_£^kl Aj^U ^j-a ^it-a (Jfi-a '-r'L^J ^J^lj (J* 
(Jc-lajJ ^1 j 4jJLp]| <JjjJaaJI i _4a3I oAjoiSVj 4<ajl jll j ^aJall JafJal j t^jWlN 
(lAjj^aJI <UaiaJj l jJl^JI tl£Li (j^aLa^Jj (j^^all^JI <J^ JJ^' 

^_^±jLaJI £cjli]l j . Jpa a\\ Alk\ a tlile-^a. ^1,1-V'uolj juna j/^* JjJ^jil 

(j«a jjI tlAjjJjoba jA t_ijjjill oLl-a 4_aJl»-a 4jjjVl AjLafr ^ oijiiJ -ll^_all 
UjJ ^iJI <njL>JI g2l jilt t_jLc. (jx (jjjjVI fhVu.Aj illjlaJI ^LajAVI £flJj •J^A'iWi 

i_j j*2JI sU« ^jSxj 15-7 

(Interim 3 4iJa J ui]l oUalJ 4_£aiaJa]l <iJla-ail dj3>JI jjjUll -Sal 

EPA <> ji^l Enhanced Surface Water Treatment Rule, IESWTR) 

(j£-aJ V <jl I jiaij .<-al*JI oLjaII till JJ^J ^Uij jaalll j 4jj«-aJI tliLai jjjAIIj 

Jiala t4-a.iC. ^ 4jJ(g .nil C-iLiji^-itH O^A Jj^J JJ-^ *SP^J^ (J-aj^all al-^lull 
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^Liaa .oUall 4^JU-o cjULfr J!>U. \ & \\U**\ j Lgjlljl jU»-^l A^JU-a cjUaj t'nmj 

t-jl-jf- (ja» Wl tl^-La jj 'U.-i'); ^LaJI 4_aJLoa3 iIjIjaJjuiI j IjLjj dlL Ja-aJ 

(jSLaj Vj JJC- tg^jr- CllLxi] jli u " lL> >i jaaII a^A (j-a ajj'n .a jljfrl ( _ r Sc. (_£ jiaj 

4u3 j2w aL-a (2) Lmll jbjai] AjuJa\±.j lS^JHI 4ijju&a A\^. jam aU-a (1) 

( L-JlaJa (_J jaj aLl-all ai&j) <UaJajuJI bLaU jjjoLa jijh diaJj L_£U!] 4i jjutLa 
Ijuni Ajujjuoj a jm .a diL^Ljjjl ^^jljtj Igjl jl Ajjg a ClAjjjJaC jl ti^liljAi.j 
.4j3_a^ aLlA (3)j ^aLl-all (jfi'li ■ ^r*» 

4 diLoi j jjill (LjJjfLllI t4jjlaJI oLiaIIj aJojj^aII dlLja^AAll CIiIc-ja^a 1 > >y\ .ajjK 

Ajj^JI Lji&J Jja 31*9 S jj&l J ^ ^ JLj .(5-3 S jaa) CjUliLVIj 

AjjjxII A\\i j| _sa5I ^gi <Ua^a jj£j .53 CllLja^a-all ai& j tCllLoi Jjja3l Jjlr»"ij 
fj<*'\\\ A-a jlia CjIjjIjIiVI J .*a Jj£*JI ^Ul jV sUaII (^JJ ^ jj '^SIxaSI J 

jUiujl llUa. ^il .^IjjjJ AjSaj VUti Ijii^J IgUA (j^iKMI L-lliaJJj cjjlSJL 
jjc. JfLlj Cjjii. AjaJam oUaj aj\ -\ a CIAxaso ^ ^jj^jjjjuoi jojjjSJI j IpjLaJ] 
. ^jSauH AiUjaj j* f^ - ^^ '(Jj-aVlj ^"JJ ^ ^^J^' (Si* ' a 

1 jljlrt^Ul > ac-l i (J-al^JI jjJ l—lL^xaJI jjajuJI I ■ \*\) AjLaJl ^^iallaJI 

LttALl LLP 

j_^aj;UJ Clijlij (jl AaaJajoJI aLfail (j£-aJj . L-li alia jjc- ^JjjjjJI (jj^ 
L_aji-all oLiA (jx lill^S j jalic-Vl j jlLVI jl (j* Ajjliall ^jJJjj^oJjoi jIjjjSJI 
jjjiall 4laAl (^Ic. «.La31j <J jilall CLlUjIibVI jLilil ^1 Jfll .^U ^11 

(j£aJ .AjaJaxall oUaII ^JJJ ^ ajjiail <SU«i -UljV ^cja-j^all ^UaJ^II 
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(j-a A j-. l-> i nil oIoaILj jj&xa JJjIj < " I V< 4jt2l j il±> nA ^^jll 4aS jaJI aLuJI 
^^ajfL t ->j'q»"i t " v~l-» J .LjjjjJa (illi (jj ajjlfUL t^jim cJSjudj squall oIoaII 

.jlg^L c^lii j AaaJajoJI drso 4jjIaSI <JJ J^J* J AjaJajoJI i_j Jill jjc jolL 
4_taJaj-u ( " ^ ( " ll i ^i^a-all ^tjjlnH (Jj1t>"i\Ijj Ajj^ t» <\ll dsljjjJaxJI lilLaiolj 

lg 07.^. ( ■ nun LpjLtaJI clil > aJjS j ^jj^jjjAuijjjjj£]| j^ojjj ^-"J^ .Ajjla-a 

("1 LaAic-j .4jjla A \-\ Lxui alo-a] Jj^iLui JJjIj (jc £il _all C_)Ha jjc. 4j3 jaJI 

j-a \ g \\r.\ jli t«Ua ja. aliAJ a jg -> .n CllUua^j ^ ^LalL Al jiLa AjajLaJ jLiajl 

<ajjj dl jIj jl c^jjjjll i-j-uAj! a£l±ui <_Ji.lj (__ajj-iill aLfa] ijja ( . iLlmjl 

JJJjl U^J ^jL<^J W- 4 ^^ (j] • l - 'J^ J'* 1 ' tax ^a ajjLaJjj ^ji nil a.il.icj 
• 4j3jaJI oIoaII ell jlil AXaii-a j 1 r\ a ■li'l-s'll 1.1a. ^»Ia tAj^sl ^JJJ Ailala AlaJ 

C . t gtijl f 

AjjLiaj^II .ll _oa1I jj^JJ^ ^jIj 'SUP ^ dlljjjJaaJl j-a SAla*a £-ljjl Jj^i*"' jj 
(_£ja.l dj^/jaia lilliAj .liBi ^ 1 g LUflj 4jaAVI (jjljaJLall j tjjjLaoll (j/ajj ^3a-all 
CllljjjJaail j-aoll j alj^JI 4jLl3j cpH J t'ojl jaJI ^-J-i J t^* a\\ Joaj j 

.(mg/1 . min) clil^. C . t jc jlu .S 4Ajj^-aJI 

i_J^ jjIjj .l^juiij Ljjjia]| ( " l Vi j Aja^j LgJQ all ^ 1 ^-it'mII tAiio^a C . ? ftjS ^ 1^*"' 
S^Ljjj iji.hTi 10°C jl^Lu SjljaJI ojLjja c*.LaJl Sjlja. <=>.jOi CliLaaa-aJl 

(■llLaln-a t alia o joj <j-aj .ij^l a!x^u ^jjj (jjlj-aJ 7. <\\\ CllLjjJaxJl ^Jaaj 

o^a^ o^jj .OC1 <J\ HOC1 ^ ^nmj pH _SU Jitii j^JI jjKl! jli t jjKll 



535 



pH »J§ Cj^j j J&\ jl %85 AfuUJ <^J^a3«-aii <_S jSVt J^ill jA j 'JJJJ^ JJ"W 
%85 Al> n'l j dlLa5*<all <— SJtjJaVl (JfLllI J UJJ?& 11 (jj^ J^J '7 L>* (J^l 

jjKll \i i ii^l ^gjlij j t^j^ljjKll Jjlnir'i Jix-a jj .8.5 t>° jj^I pH ^=aa * " >aj j 

cSjoaJI j] .9j 6 jJJ ^J^JJJ L£^lj pH — SI (jc Lnjou Jalau> (jjjjVlj 

i— il i ujjS j tCliLaijjaallj tLjiifLJI I^Ull^ jA -/"'H aUo -IjljjJ 
S jjJj ^aL^JI jojS ^JJJ il^ Ac. j<it> <\ JSj .(jljj^ll (j^ajjjj ttliLuljoj^l 

^^JA. <_Jj t^loAJ^JI ^jSauIj IgiajlLa lilli ^ LaJ C(_£^)iJ 'SiJ^- U 1 " 1 ^ ' ^ J taLiaJI 

t J-Uajull <Ji*-a ^gi 4j_ajJa*JI a-iLall aJojJjJ AjUjII jjjJ .Aiull ^ 1 -^JJ 

^al ^JjJujoII j jji-ViIIj ojj£j«JI «UI jj jli lillil Aa-iij j .C . t SI -^j^ W^* <-5^J 

.^^.j jaj gjtoj jjjIj (^jJj ijl^ajoll ^ . i ni l n l 

LWlil djL^i (3.0 log) %99 9 C t ^ 3-7 J j^l j^u 

^gj] CliULull oJiA Vnun j .Aalii-apH ^aSj «jlj^ '^-J- 2 <_S-^ J 2 ^ JJ^I Alajail jj 
(j* IjljuV j-a CliV (^gic 4 lail a CIuj JaJ . 4 jl jJ^JI <_£ j-ic. CLiLol jj 

.(Mongolian Gerbils) ^jiiail ^jjjJI jjc- UjjjAi tillij juL^-a (j-aUuil 

'sA^JtLa j*. Jjl£ cllLLial cllljl JJ^JI o^A j-a 4si)Vl dll i aJjS ^jj j-a I'linjfc 
Ajlgj (J^j .oAla-a C . ? ^»J3 j-« J AalrLa pHj ojl ja. tills. jJ L_Sjj]a 

^Jj i in l^JI oia U^^j f^J •AIuiC.j ("li "HJ^SI ^^i*-* JJ^JJ (>J (JjiUu (j-aj 

. (jiU jLiJ jUaJL AjL^xaJI ^ojIjJI J^c. Jj^aai <xaxj> C-L^aai j>j .^ojIjj aOc. 
oJAa-a diV^«-aJ C . ? ftjS AjjlLal LuL^xa.] ^ j-ixll <--lLjUj C-llla djl jliii.1 aOc. JIxjj 
js. jaJI C . ? (jj !illaa .Aillai <i pHj S jl J^- CjLajJ LJj^la] JoJaxjl] 
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j!) %0.1 <_JU1L ^jU djL^ _> (3.0 log) %99.9 37-7 Jj^JI 

.(Oaikj %90 iJ&i log j ^Jutoo J£ 

^Uj £££ (jjSim %90 j %99 -J C. « (=aa j) . J j_M 

^(jalLa a-^jj) l)j1t>"i1I J-xa ^»J3 t tc.\ . -aJ ,_^aljjal (j^-aJ tajl^-JI ^.)^ ' ■Vllj .%99 

Uu^j 25°C j 15C — 1 C . t f& Ml*a ,%90 JjLw S J jaJI Sijjj 

t^Ja^ jla ojja. CjU.jJ j .^JjjJI (jlc 50°C Sjl ja. <=-jJ (_j.ll C . * A-aJ 

^jaU. sIjaLouJI jsjaJI jl . JjkVill Ji«-» <_J jjsljII i_jL-i_J 26-2 aLUaII ^liU 

.JaSa 4JJJ.-9J IajS UjLu&l ^gjtfijj 1 kail 

.£ ciiL^J 1.0 logj 0.5 log c> C . t fjja 4-7 J j^l <r jJj 

Jji-ui j^jjlSlI j 4 jaJI Jjl£15 pH J SjljaJI t_jU.J-J AiSlk-a <_g.ll Ulrus^ 

cLiL-jIj^ j=JI jjKll tiiLjUj .uluij .jjjjVl j 'jjl^ll ^Ijj t Jluull 

iliLuiljJ <_J) 4jlSIj1I AjjUaj^II _)l jaII tllLjUj Vn.in Lujj jj_JI j_l*5l 

CjLujjj_U5 4jjji»A (j*aj_^a) LllbjjJaxll £J^- ^ >"JJ^^ <JA i_ljj_ull frljjl ^jSaull 

( (_)*U JJA 11 (_0A_1I jl ol j~\U '^J'M^ ^ ^fiA 4^_LtA aLlA (JjlxA 

.UIuaV till 15 4jLiA Jjiasfc-ll t5 lc Ijj <_s^jj 

jjMj LkuV Lj jUaJI ciL^ (log 3.0) %99.9 JJaauJ C . t ^ =3-7 JjJa. 



pHj SJja. ijUjJ ^jI jaJI 







20°C 
[(mg/l).min] 


10°C 
[(mg/l).min] 


5C 
[(mg/l).min] 


0.5°C 
[(mg/l).min] 


pH 


(mg/1) J^* 


44 


88 


117 


163 


6.5 


0.4> 



537 



52 


104 


139 


195 


7.0 




62 


125 


166 


237 


7.5 




74 


149 


198 


277 


8.0 




47 


94 


125 


176 


6.5 


1.0 


56 


1 12 


149 


210 


7.0 




67 


134 


179 


253 


7.5 




81 


162 


216 


304 


8.0 




52 


104 


138 


197 


6.5 


2.0 


62 


124 


165 


236 


7.0 




75 


150 


200 


286 


7.5 




91 


182 


243 


346 


8.0 




57 






217 


6.5 


3.0 


68 


137 


182 


261 


7.0 




83 


166 


221 


316 


7.5 




101 


201 


268 


382 


8.0 





for Public Water Systems Using Surface Water Sources, notes By David J. Hiltebrand and Linda 
Averell Wancho (Denver, CO: American Water Works Association, 1991). 



JxUu cjjj^ J 'ujjj^ j jj^ ■^■^ <_s-^ Sjjjj^ C . t f£ o\ 
^jLi. t"i1 nm^\l (j.-i-'.q (JsJ (j^a 1 g \* i^Ijj]! (_j.Sc- 2 j 1.5 oj^a 

jj (jjjjVi Lai . (JS *n\l (JjLui (j^JJ^ (_3J J W*i (_^a 4aicli 4ja1xJ! AjoijUuJI 

^jic Jliaaj <j| Vj 'La Aa. t flxjJal o^La j^JI JjKJI (jl (j-a ^C-jlLj 

.LjLxaV diLiUj£ aLao Jeli jac. 4jl 
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^oJ cjL^ya]! (2.0 log) j (3.0 log) J^il C . t ^ 5-7 Jj^JI 

jjjS VfWij . mg/1 1.0 cs^A" JJ^ t — 'bLu j] ^ ° ' " pH j Sjl ja> Cl)L>jJ 

a* j^ill J A ^ ^rM JJ^ Jj jaJI jjKU C . t 

f \ laJLaib Jjl^l -IboiS jlj Jj1t»"i CjULj Lai .3 oj^a yLal J-alc (j-ulaijj AjJ.!^ n\l 
JaLauJI Jjikl JaJ .2 jLal (_Uil«J t-UJ^a <A jtuVI -iJ^ll <__lLgjH <_>i JJJS 

. (jLal <J-alc (jj^ (j-a ^Vj-ill (Jjjjjjill ^>l laJL nb (JfLiull JjjLui (jj^sljjlS aJojoiI _aJ 

t"n.ir> C . t J^LXi JUIaVl JLi (jii jjjs Jc jjVl Cj! jLuaJ £jjaJ Jal 
JoLwj ,J 4jujVI 4jjLuu£JI jaII o^a Ajlcli jj .3 oj^a jUI <_LAc. ^hVi.ih 
< j*J jj&Ij cjjjjVl : JUK ^ U^Vl Jj jSVl t> CjUjj^I 

f Ull A^JU-a ^fl Jail) C.t — M jjjSj 

ls* C ■ t jj-^j *— 'Ul j^j itPA 4j jjij ^ill Guidance Manual 4 — SI t »>^j 

dllj|_}aJ] <\\l C . ? ^J3 ^ J^?» « J* La ^»Uaj] C . ? <j] . ftLall <aJlaua 

Jj! Jj Vj^j C^UVb SjjKJ 6 Ua}] j AjSUI o^Ij^VIj 

(J£ AjLjj .lie. (_jjjlLa (fS* a J JLlia jl^ JJ^^ CS^A* C ^ ^U. nfl 

Ij^La 4_iSj jLLall ^3^S <— ijjota^all jjjiLaj]! <j-aj jA ? j cmg/1 Ij^La aj_al£ ft j*. 
c_J jjjVl Jj ft ball J £-a ^Ja 4jaa~a J Jjl^l ' iu>i jj Sllai .^LaalLl 

jjKll 4-aja L-^jj^a (_L^aLi. jjiijoi ( _ ? l^l C . t c<jjjLaJ jl jiw ^ji #.La]l ^j^>j-£a j 

^'iiu laLja-a jjjxJI c-ljjl (_^iiLaall (j-a_)^ < ~r 1 _?f^^' L -^J J -^ j^p^ 

(_! jjjVl ^ji (JjjLojII (j^j i_LuaaJj .f 10 qa jj Lj^jJa-a jl jajl (—Ljj^aJ Ak- JjKJI 
S.LJI JjaO (Jia-a (jlS jji .(-jLujajVI Ax.Jxji Jc (—IjJuVl J jia aj-mSj JJC 

ftLall j-a %10 S I— 13 _oll <J>Sa] LjLuia ?j 0 (JjSaui (j^Lajll (j-aj tClulj jjl^ijl 

. jl jaJ ,> IjLutl csjj^I Jj J>U JiU 
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^jj .Clllc-Uall 4jailjJu (jjal j CAi\*jil\ ^gi tiQ (jjiLaill <j-aj JJ-^ <^*f^ 

jjLuj «Juja1I £_>a]l J ojl^ll ^j«a3 t_UuUj . t-SJj > sy\\\ ^gi oUaII s^jia CllLaXuta. 
J^a-a La jjaiLa J^-a ^~>"»^ jJajll <-ll jfLaJI (j"0 UJ J ^* L>* JJ^)**^ "Li-ajl 

. jjSiall jjL>JJ tjijall tjUauVI 

LWtf LujUJ GLuu^ (log 1.0)j (log 0.5) JJ«a C . t ^ :4-7 Jjj* 











20 C 
[(mg/1 


15 C 
[(mg/1 


10C 
[(mg/1 


5C 
[(mg/1 


0.5 C 
[(mg/1 


0^ 
Log 


pn 




7 


9 


13 


18 


25 


0.5 


6 




13 


18 


26 


35 


49 


1.0 


6 




9 


13 


19 


25 


35 


0.5 


7 




18 


25 


37 


50 


70 


1.0 


7 




14 


18 


27 


36 


51 


0.5 


8 




27 


36 


54 


72 


101 


1.0 


8 




190 


250 


310 


370 


640 


0.5 


9-6 




370 


500 


620 


740 


1300 


1.0 


9-6 


2.5 


3.2 


4.0 


43 


10 


0.5 


9-6 




5.0 


6.3 


7.7 


8.7 


21 


1.0 


9-6 


0.12 


0.16 


0.23 


0.32 


0.48 


0.5 


9-6 


UJJJ 1 


0.24 


0.32 


0.48 


0.63 


0.97 


1.0 


9-6 



.1.0 mg/1 »jjS yM. yJc jaJi jjJiil j*iu (*) 
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9-6 (jJJ pH j Miliar SJj* CjUjJ ^ OL-jjjiil JJau2 C . t ^ :5-7 Jj-la. 









20°C 
min] 


15°C 

IYm cr/1 

min] 


10°C 

IYma/1 
U m 6' L 

min] 


5°C 
.min] 


0.5C 
[(mg/1 
.min] 


Log 




1 


2 


3 


4 


6 


2.0 




2 


3 


4 


6 


9 


3.0 




3 


4 


6 


8 


12 


4.0 




320 


430 


640 


860 


1200 


2.0 




530 


710 


1100 


1400 


2100 


3.0 


2.1 


2.8 


4.2 


5.6 


8.4 


2.0 




6.4 


8.6 


12.8 


17.1 


25.6 


3.0 


0.2 


0.3 


0.5 


0.6 


0.9 


2.0 




0.4 


0.5 


0.8 


0.9 


1.4 


3.0 



JLi.^j JJO l_J jfLJI <La jl jjJ ^'iVm 3-7 a jaali 17-7 cK^' jj 

jjfa jA Lo£ telttll jbua.V AjjaLall Ajjjjiall JJ-»*J ^131 j to jixk S jlaa. elaall 

J\ \ jki t jjlailj jjJSB cjli jjI ^iitfl djUjj! j] .22-7 Jiill 

dulj jj£ jjj J n (_Ji.Jj . <_J JjjoII oLi-a ^3 Ig-al ^"luil (^jic (j > <\ j JJC. 
t>jjb JU-^Vi t>jJ >iJJj •t^LaJI lP 3 ^' <J) cJ^-W (J9JS1I (jll eliSjl t> 
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0.1 <ajS1 C/Co t> ^1 Jaa. ^jj .<_j 22-7 ^ j^Ui 

.lit j t {0 £$J* ^^vj ^jaUi Jaa. fu^JJ ^JatSjJI Ajaii J £ jlaJI (jajjll <_gi elaSlI 
.^LaJI <jia jaJI JJC plifl]| %10 jj^J L>°j^ 1^* 




.4^U ^ ^1 I^Ua * 

iSjjlaj ^jCtuJl S jjilt uUuul CjVJiu tf j! C . t lJ-"**- 1 *10 4-«J ^"1 J J CiUalaa^ :22-7 JlA 



JaVI j^Ic 4 ilia a t-iUaii! cjV^-a <J iliUUa <jJj.i jal 

till jj3 JMa. 4 Ll3i all jjc. 4jt3 jlall (J j^aall (IiV-IxaJI j UiJI dV^*-a3l (JJJ £ jl JJJ 

tliVti*-9 f 10 LuUj U^j .^r22-7 J£^l .S jjill t-jUoul 

^.lailubajl ? (jjiLooll 'C . t iliLljuia. (Ja.1 (j-a ? JJ-^il tSlJjj < ; A-luiiVI 

. j» jail J}U. ^LaJI 6 j jill 1-jUjuail t lQ tllULuia. 

AaaJauJI alxJI pflr' 

jjL-all (IESWTR) ^Vi.nti sUail Vln^oll *aJl**ll Cj3>]I (jjjtill .jlWij 

j %99 yi JV j (LWtf CjUuS <> (3.0 log) %99.9 ^ jt/ j <lljV EPA t> 
(4.0 ) %99.9 JJ^u J/ j 5JI jV j t r jjJ jjj^ jLjj^I ^1 jil j^joj t> (2.0 log) 
si _o»Vl <alS LgjL AjaJajqJI sUall dije. Jal .<jj*a1I CjLoi jjjall JaVI ^gic log 
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dlJjH AjuJaUJI j AjS ja. ULui j UaJajai bLlja. ^^Ujj ^1 j A3 j^iLall 
.J-iaoj .ajjLawall A j-s lajuJI a I j-aVl j-a jjIiLui JJjtjJ j» J J^f" 1 J-^J Jh^ J 

.jj^j JDU. (j* AjaJajuJI al ^aSU j^Lu jjjfc Cj^j Ajtil jll A_i jaj eLbajl 
tUlrwV <J!La cjUail^/l dlL_ia jaaII j K—jJLaJall j cAjj^ *\\ CliL j . >rt \l 

Qjtij ^1 pH jl Aalalill j Sjl jaJI j <ajj£*JI ^ A_L jalall CjI Jvul\ J^lL j^j 
.ajjLa^aJI AaaJojoJI aLudl ^jjjlaj -Ljjjj j 

A .nlVil ^gi j . A \U A\ aLudl ^ji ajtoJ Ajiu ^ n/-> Jojoi jj I jiiij jjjlaj' ( . ilWn 
^ jIjaLuAj ajj£*JI AaSlja nj cjkllxa]! ^jjIijjjI A <\h'il j AjJjlalll ^jjIijjII 
jUal <_U>J j-a C5^' Jj^aal tillj j 0.1a. ^ic ^cuiija J£ ^ AjauijAll aUajl 

j«a ^jLiJI Jja.ij3l ^ ajj£*JI . L-LuiLLo ^rvj^aj elj?>) 

t> JaVl ^ %95 — S 0.3 NTU ^ J L$ *i£s 15 l£ Si jaLl! ^jJ 
J>j lili .1 NTU S^jJt (jkull jjUlj V J ^ifijj .j^ ajajlll cjULiill 

(2.0 log) CjLdlala j! (j^ljjaVI ^JJ Ajli tA^ijaJI c.Lall ajj£c jyl»-aJ 

.l#jlj (Jj^ajall jjj ^3 ^»JJ^ jjjjjaijjjjjflll Ajl jV 

jjli jl (^Juii L«£ iCjlcLi! 4 cJsV 0.2 mg/1 j-a £UJ^ f^-ks Alkl-ill 

jjjij ^jJI dlliwJI <ja %95 ' <J^ £UJ^ A£^ui ^ JjKll ^jijla 

AjjjJac Ljn^^l (_^Lja (jli ti—Li^il <_Jjla jjc. jjl^il b ^iu yl£ j .Lij^Jo 

^jijlal UalLa jjlu ^3 t J£l 500 t^j^ll ^^Jc UjC jjc. Ajjliall 

, i LiSlS (JjISII 

dlaj Jaaa j 4EPA ^! jSl (J^jll i-a-^JI jA AjaJamll oUxJI Ail£ ^u^JJ <j] 
jSJj .Aa uj ja JJC. AasJajuJ IaLw La ^ <\V'l\ ^La ^Uaj ^Jil iAjjlilcl JJC. Jajjjoi 
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J^*3] (3.0 log) j %99 «t*ajljaJ JJ«^ (3.0 log) j %99.9 

aLuJ (jLaJ . tllLoi j jjall Joiaatjl (4.0 log) j %99.9j c^jJ^jjjo^jlujSJI 

J jl 100 ml l£ ^ 20 ml l^i 4jJ jJI CjU jl j&\ jjUlj J j:u^uJI 

Jftl ^ %90 ^ dOO ml l£ ^ 100 ml l^a AjKII c^lu j] jil! jjS J3 jjUl, 
4JU. ^LjjIuoIj 5 NTU ajj^JI jjV" d ^-""^ ^ j -sj^-aI* c±Li*JI 

.Aji ^ilrtll lj^->J 12 — S! (j n'l t\\ i J (jij^ jjlajjj jl (jjJ ^LiiLoil Cli^a. 

^Jilij (jl (j^J V JlSlLj 4(jlfLa]l ^ Ljjj^ Uiilaj j-aS/l <— iiLjJj 

j n.nmjjllj t jiia^lU AjJalij 4aJU*a 123-7 jg hj .«.U11j !lflj 

•<jr^ OJj^ (J- 3 ^ y?2 JJ^j prf**^J 

(2.0 log) j liLwV .£ uLjil (2 5 log) jxJ UiJ All jVI £-Lu 

(0.5 log) aJojoiI jj AjjliaAll i— j Vt»"^I gAp j cUin-aV 4jja-all CliLoi jjjill 

aJojujI jj ^jiLuJI ^uijj]| (jj .AjjxaJI ciiLjjjjjall (2.0 log) j ^jb.'^ tiiLuLuS] 

23- ij^-^l ^j^aj-a (^jLa O* 3 -^ LS 1 ^ JJ^W fj^*-^ J ^"J^J t jn^MI 

(1.0 )j Llu*V .£ cjLoo£] (2.0 log) jiiU <ua>ujl UJ Al\Jp £Lu .lj7 
jla tillil tAj-iilia^ (JjWIj aJI jVI (> <_Jat j tUWiZ CjLuj jjjAH log 

(3.0 log)j Uln-'ii .£ -J (1.0 log) ^ ^Jasull JJ CJjUaJI JJasull 

ajjKll L-Ujoffi V (jl <iaJ>i (aJflsul! t> C . t S^LjS ^JUaII ajifa 

. yj^jllgj Cll^Li. (_^aLa^.lj (jja. jll^Jl (jl"n^\l j-a 4JajL<i jjSljjj o^A 
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-O 1 j& 1 1 ^» 1 1 &ij 1 Ll^Uji^l ^ 


^ 2.5 log UajluJiyij! 

2.o log ^jjiyiji 
^> 


03) 

o.5 log LpjUJt yij 

2.0 log^jji^ij! 

< > 


4.0 log dUjjjill. 3.0 log jL^Ji i^Liajiji 





2.0 log V> ^ j! 
1.0 log ^jjii^j! 



4.0 log <1A- jjjilU 3.0 log Us jbaJl Ulj) 



Jji 

1.0 log UsjU^ji 
3.0 log^-jj^^lj! 



Jjiaiil j ^axi jjfl CiLui jjjjifl j LjJ jUais* 4*3 jUI Ctfljtfl J >uu 4oaixuJ! aU»]| £JU* CiUakLd :23-7 <Ji>i 
j*iU» joijj (<_i) .dLmI] ^jAjffi AaJUu (i) .fjitUI ^ CiLui jjoii! j Uj jU»J3 ^jVI 



13-7 Jti* 

4 -s i'ii jaII alxal\ (jj^aJjl Sajoi aLi-a 4 K-s a O^J^- eUjjjj ^ 

£.Lall -^"^ >?io j^-^^ 2.5 mgd f Jft» .-Till < ■ iljm'il Jji j a ^Ixi.— <c.^a. 

Jilida.V! (>j cs^l j c0.25 mil gal jUiVI <>j ^ jl jill 

4iLjal J!)U. (jx jjiai' <jj^ c^LoiJI *.lalll jl£ j .144 min ,jJUll c^j^l 

(_>jjIj3 .2.0 mg/1 dliL 4£-^aj 4^uJa-a aJsjoiI _jJ tiL * tuL i a j jlall (jio. 

JiL^a L>*j^ L>° I jW^' 6 mill <_J^ ^LaJI <_H=J^ ^.J^ JJ^ UJ^ j^J^ 
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L-Luia.1 .6-7 Jj^?Jt ^ c-laaH ^du^ Cja ji jl <Lib 12 Uji 

.? 10 j^a ? J^*- c/c 0 



1.0 

0.8 
0.7 

C 

Q 06 

0.5 
0.4 
0.3 
0.2 
0.1 
0 


2/\ . . , 




50 100 150 200 250 

(t) i>J>» 



t w jjjSj Oifc 13-7 JUU1J * All* C/C 0 -! JJri- =24-7 



_J ^Jtull ^jll jl U£ 46-7 J j-l=JI ^ alia*- 4j^a»^ll C/C 0 fjS j] 

djj^a 0.1 l5 jl-u C/C Q —1 Jii* j, .24-7 ^ ^ t C/C Q 

.<L5j 56 — j LpLu^io 

jA US t l0 jjjiU 13-7 Jli»D C . t »l& jUUI ^ULu :6-7 Jj.*?. 



24-7 Jiill <ji f&ajA 



(ol^lj 3L) ^^Jl C/C 0 a 


(mg/1) C i jjlill »12 


(a!^) T <oLill t>j 


0 


0 


6 


0 


0 


12 


0 


0 


18 


0 


0 


24 


0 


0 


30 
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0 


0 


36 


0 


0 


42 


0.045 


0.09 


48 


0.11 


0.22 


54 


0.24 


0.47 


60 


0.37 


0.74 


72 


0.42 


0.84 


84 


0.62 


1.24 


96 


0.66 


1.32 


120 


0.86 


1.73 


144 


0.86 


1.72 


168 


0.88 


1.77 


192 


0.93 


1.86 


216 


0.95 


1.90 


240 



C 0 = 2.0(mg/1) (a) 



14-7 Jti» 

t_lluijj j jti^J £-a jlk-a 4iL-iaL AjaJajuJI oLuill ^J-ijlSj <aJU-a A a ("1VT1I 

a J j^. 4^j^ j 7 (jifj pH j 0.3 NTU t> l$ ojj^c- ^ k^Aj* UL>a 

^ oLuJI ojjl^ c^jujjjJI -2.5 mgd ^Lu ^ j <\ > ^-n i—jIojouL 10 C £Jjj 

jA La (1) .24-7 Jlill ^ 4j*1±3 jA\ jjOiA A^usv^ jj j jLo (j^ ja. 

?4 iVi^all olj-ail i— ljll^<\\l pjSaull jA La t . n > n JJ (jj-i (j-a JjIiLui ^Jjjjjj 

UJ^ (2-5 log) LOjLvaJI Al\j\ Jjl cAjOjliUI ^JLuall ^ (I) 

(2.0 log) j LpjUJ JJa*al (0.5 log) k jL £P jUb (2.0 log) CjLuo jjjAII 
.(123-7 Jli) cjLoijjji]! JjI«^ 
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jA 4-7 J j-^il j> LpjW^ JoLwal (0.5 log) -J 4-ijjjjJall C. / jj 

C. t jj) -1.0 mg/1 a jS& js. jjK ^iiL, Jj btnJ 4 19 (mg/1) . min 

S Ajjjjj^ail C . t uj .(t baJa cJ^iu L^ajl JSI jjflijoi J5I ja. Jjl£ ^SMm 

lillj jil«-a JfLii Jal ^Aj c3 (mg/1) . min l-L* jj^all Joiaaal (2.0 log) 
56 us jUjjj ; 10 jla c2.5 mgdaj-i S-^^ lS-^ j 24-7 <_&-ll t> j 

(_Pa jail (-SJjj^ull £ jla J t_J jlkJI jaJI JjJ£M <jifi* Up J 

C= 19(mg/1) - min =0.34 mg/1 
56 min 

Akli *L*U 0.2 mg/1 LpJ JiiUI oUki^ Lj jjlSlI Jii* Jjj 

(jj . (JjSI^IjlilaII -iKt a jjIIaII <UjjLa Liajl olxa]l (jjSj > aj .^jjjjll ^Uaj Jj 

. jjSl^iouJI jJaa o Jj3 ujcj« jj& 0.5 mg/1 (j-o JM^I ja. Jjl£ <J£<« 
^ J UJ^ J (2-0 log) LpjljaJI W jj UJ^ ' £*Aj>^ J (Sr 1 ) 

J^aaul (3.0 log)j LpjW 11 J^.^ (1.0 log) ttjj (1.0 log) CjUjjaall 

.(U23-7 Jli) CjL^jjjall 
37 (mg/1) . min ^JLj W jW^ 1 (1.0 log) — 1 Ajjjj^I C. ? j] 

(3.0 log) —1 ajjjj^I C. ? jj -1.0 mg/1 6 jS& ja. Jul* Jj bLnJ 
.AiLis 56 (j jUiij fio up 24-7 JSjil! .4 ^Lj cjLuj jjjAII JjItmI 
c= 37(mg/l).min =()66 ^ 
56 min 

<j£]j 4(_j jlk* 0.2 mg/1 ajjia ^ j lis. JiA^ jj&ll ^iaS uj 

ALaJ C/C 0 
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£»2 dhA 4*l\x* 16-7 

A unlV'M 4jfc jj till j 4j jIa jjc. a^jU I&Ija ajlc oLiaJLj jIjVI <— il jjg ">"' 
Lai 4_i jaJI oIiaII <?JIxa t_J jUiaII j ^jjjjJall <ja jjSLl J j .Ali±A\ tljlal j^IujV 
jjc 4juLa!I till jlall jj .4jUaJI <jc jj]| jjiuiaj] J aILJI CjUj^LJI 3JI jV 
j3j . ^jjjjjtAJIj Jj^aJlj j_m Lall j ^jUn\K\U (JIajj (^-^J S^uulSI cAaLuJI 
(>> jt a-WiVI ^oij (> AjjIjaJI till JUL 4jcI jjll fJlifyl (ji 4_i j=JI oLaII CjjIjj 
oLiaII j > i-i AjjLiaj£ jI ja ^.jJ ^3 j .^JajoJI ^^ic- Ajj ui-sll CjlAixall ^IjiLluil 

di^j^i : in\l UjI^m UJ-^J ^ <-S J^' Aj j » >»r-V j| jaj AjuuIaI! (^jill j Aji-ujjll 

Ajg jaJ I oLiaII 2 ohA. J l Cll laJU al l JfLuall ^3 A lilalal l tliljiaaJI UU-^ „ J$iaJ 
tlllrtUn^ (J^ uHl ftlj^U l(pm«^LaJ JJjll ftLua ^ jUjuJI jjjjCJAJI j JAlaJI JjuiSuj 

jjc ^ aJI jVI jli 4 (125-7 ^ L*$j .$U1I jjij Ajjj^ Sjj*^ 

.^JjJJjlLj ( ■ Lull Jjll AJI jj ^JJJ ^JJjoAjjJI tllljijA^JJ jl jjKJLj l^jAuial 
AjljV (t_ l25-7) JSjoJI ^ ^liajA jA Ia£ t_jjjaijj]lj ajjuudl <Ulj] ^Vuin 
£a £ jAJ l^jli UjjjjJa (jl£ (jjj .AjJajlill Ijjj^all jIajj JJiJI J jn» Lall j ^ jJjyJl£It 
oLiaSI (jjl jj hq^tl (jjjj£ll JJjuiSI ^JaluUj .gcjUll t_bail j]l ^1 (JA (Jl jjl jlill eLo 

a*jLa!I J jVl s jkaJI Ajj^ISI j -gnW^ ^"Jill <JjS lillj j 1$j jLaia 4JI JaSI 

■ ji^n^l 4iLjaV j 5IaaJI Cjl jUJI ^ jj] tdljj <j3 jaJI fiUaSI A^JUa 
jjt Ic-LaxJ (^25-7) J^ill A^jJa jaII (^j jjVl Jjbdll 4j1aC ^iVlnil 

t^jjjjll j till jjjllS 4jjjAll tiilj^LSI 4JI jl ^j^j c-Uj jj J!>Uj!11 4jjIS 

(_£j]|j JjLuII ^i^jin ^jJI ^ <\* all jjc Ajj*j oUa j!^>a) (Ja JjJl uull <ala. lJ^Cu 
sLiaII JJ-1?>J ci^i (JA (JLujVI 4jsJIa5I oLjaII < ■ lUjuul j jjja (JjjuoC. jjj (jA A jSaUjoi 
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Lai l^Jta^l ^-S^J OJjKll ( 425-7) Jiuall ^UuJa jaII j 4jJU-a .LaJ 

jj^aall <jfLaJ .^LwiVl *U > ^\ Ai-iU ejjlil Jliall jj^Jjlt ^L>jj ^-S-igJ ^JJ3 sjjlall 

jiAiS tAjaJajaill aLuJl jifcl AjcJaUJI jjc. 3U.^\I jLVI <1U. ^ j 

jjau e-ljjji Aj'qno j AjSjaJI oLudl jJixJ <jl sjjKll 



L 



j (<_i) jajiiaj AjJa. (I) .£j*j>»j 4ji>?. dLu 4^JUl« 4^Ji& uUuul ililialaa - :25-7 Jii 
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JJL S JUjJ 17-7 

aJj^. _a-a aLba (j-a AjaJili]! j»jJ jja-all j ^» jJjoJI£1I Cllljjjl t ■ lluij ^Lall a JjjiC- 

jjo£1I (jl Laic, ta j i iit.W <Lalo <J jj3 elijlijj jljJ^- iIl^ uS £»a (JjLoj (^jic 

^^hr -S/l (JjIoiaII j] .150 mg/1 qa (J Jc! a jjoiC. dlli aLva ( _ s ic- (j^ajjaj ^ia 

oUaJI ^jjau .500 j 300 mg/1 jjj ^1 jji; «.LalL ^1*1! jjg aJSli Sjju*aSI SjjuuJ] 

j_^ajl*jij .60-120 mg/1 (jjJJ ^ j'jfij L? j" 1 "' * L - J ^ °W J- 40 0_^uutSI A l-i > i) j!Lq 

La| .ojjsuuall eLall dlljUuuj ^± eLall L-UjLjl jJaiLj Aj&Lu^all i-tUU.; Jl 
. j_&jik3l (_J£Jjjl Lxia Ai^joia A ~\ \\ y a La_oAO <_L>lj-a]l ala-a £jJaia3 A\c\ j . <i\l 
Na 2 C0 3 bj*-all jUjj CaO JAaJL i_AUajjll ^JaJ jj S jjouJI Ajljl ^Vmn 
JjI j3 jaaJU A^JUaU jli tSilj ^gjj 4iLjal . J jla all Qa ^jjjiLallj p jOjJISJI a1\ jV 

<aJU-a]l ^au Ajjjill SjIcV UJ^J^ <jr^ fl^aiui! (j^AJ .SjSjJI 4_rJsuJ 
jjjjl j 1) i ii^ jjAj^JI (jjji Lyj^ t^ijjj pH 11 (j^xiaial joaJL 

jA ajjjii-all lj > n^l l^aS 4%90 IAjJS s-lai Ajm'n CaO(j-a '"^ J.).'^ cJ^'ViJ 

iSj^-* ^JJ cj^l ^JJ^' J^?^' JJ > JaJJ-a ^^kjjaLJ .^ gjqiLai VI 1 ■ nl nill 

1 o jl (jj-s i iba JO^. JJ > 1 > >>jl (j£-aJj . a jJjaill£JI CIjIj _aJJ^ (j/a IjJjSJ %5 

4jjj]I u ( . uSj .tlllij ia!>Lv iJ J=^. (j\ j*- tdi^j 'CaO %68 iSj^ 

jj^.nn j^i bjj-all ^laj Lai .Ca(OH) 2 A^Ua^l dj^U-all ^ Aj,,,K\l 

.^jJ^^j-oll CllLljJjS (j* JaVI (^Ic %98 j^lc ij joa-j (^jLa j (J^aojl 
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(j-a jliJI li& • J^J' ajj-uC- tS-^ a\jui^\ (jjljJ ojlc-jj c-UJI 

(CO2) ^J* ^ *l J$JI (jJj k^aJ j . jlill j lafljJI j ^aill£ 4 J j3 jll 

(jljaa.VI AijC. (jc kit > >i dl^J J jUJI JfaJ .(J*l£ (jjljS^I (j^a^ 

jS] oUJI ^Jj (Recarbonation) uj^J^ £^hW 

C0 2 + Ca(OH) 2 = CaC0 3 \+ H 2 0 (19-7) 

Ca(HC0 3 ) 2 + Ca(OH) 2 = 2CaC0 3 [+ 2H 2 0 (20-7) 
Mg(HC0 3 ) 2 + Ca(OH) 2 = CaC0 3 [+ MgC0 3 + 2H 2 0 
MgC0 3 + Ca(OH) 2 = CaC0 3 1+ Mg(OH) 2 J+ Mg(HC0 3 ) 2 + 2Ca(OH) 2 

= 2CaC0 3 1+ Mg(OH) 2 + 2H 2 0 (21-7) 

MgS0 4 + Ca(OH) 2 = Mg(OH) 2 If CaS0 4 (22-7) 

CaS0 4 + Na 2 C0 3 = CaC0 3 J+ Na 2 S0 4 (23-7) 

dibjj j£ ^1 jjaJ! Jclajj (illi o*j .19-7 4liU-J CjUjj j£ j 

jjaJI (>i UalLa jla (jjataU-J M£ ^ j .20-7 taJj^j* ^ j^-^ 

^ f jj jiiJI jjijliij .Ca(HC0 3 ) 2 J C0 2 <> ^al** f c>l^ 
jUjj^Ja jo^JI t> jjjali-a <jli '(<-rilji MgC0 3 jjSI) Mg(OH) 2 ^ 

jjc. ejjoutll Ul .21-7 aJjUaII yjjjitAll CjbjJjlii t> 0^.1 j ylL* 
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j UalLa Jjjj b jj^II i-aj j Ual£a jl 23-7 4jbU-all J^>J .(-U^Jill 

tjjajl jj^a (J£ ^Jl ^-liaj ^»jjjji-a]| C1)Ijjjj£ (jl JJC. .^jJjoJISJI CjIjjjj£ (j-a 

.23-7 *Llx*ll tbj^l jLjj 22-7 SLU-oll 

o^^a^all JJaJl dlliLjaj (ja ^j^"^? ^jJjoJISJI (jjjl (_>- a ^j] (j^y 

jjjl >.n..ijj 4 10.3 <-jj^ ^> t^j pH <ajS j> ^ijj ^311 Cj^jUaL 

(JjL^aJ jl.iLaJ JJ^JI QA (J^ajli J 1 . lD-i"iJ Ia£ '(.j-^ pH ^J3 < . ll W'n |»jJ jjatAJI 

j jl .^U-uSl! JaU jVI cjULia ^ja (1.25 meq/1) CaO (> 35 mg/1 ^1 
4 CaC0 3 t> 40 Jl 30 mg/1 ^ CaC0 3 Sjj-u WJ&i ^ J? ^ La3jt 

4 Jal l-jUSjJI Aju^\ <xL jJ J Uk cMg(OH) 7 10 mg/1 j 

• JjiaJI oiiA (jji-ai £JJJ j] 
LjaJl (Jl jj t 't\ > ^->.n\l JJiJI (jl Uji » Jpllj ajjaaJI <UI jj AiLjla (jjaiLa-a (j^Sj 

.JSLuj 4j]£1I AjljuJI 4jL^1I i jJI <jla gJljlbj .Jjla-J! (> Jljp ^1 Sj-ail 

oLaII (J ^qilui ^jjj j^all dlljjjl jli t23-7 <U.jUa3I ibji-all jIaj SiLjal jjc. j 
J JJC. iC±jjjj£ jl IjjlS L»J jjSj ^1 j 4<S3IjaSI £lijJ$\ AaJU-all 
I JJ» !«■ LajAfr (jj£j bjj^JI jLaj 4iLiaJ ( ■ 1U3JJ j^lj ^Jjlj JJJ^I J^ - oj"*^ 
4jljV ^JjUaJ$ll C^lfrlijll J laaj Liaj (jS-aJj .»UJI «.U1I ,J AjKII ojjaixll (jA 
.i_ajj^all SLaa. ^3 4->Tu\l A A^oll jLoll <Ja£ JJ^Si] b jj-a]| jLajj JJ=Jlj ojjoixII 

4 jaaJL l^laJla-a lIuj ^^all oLiaSI (jJjJ (jj^-^ Ajjj^JI ajlc-j ^l^aJlml (jS-aJ 
tj^ajlill jj^JI 'in^.'i; jjjj^JI \i i aSi ^Ij ^jL .jjjuiall ^IojJ ^gic. l^Jj^a t ajiaal j 
4jjjSJI ojlcj (jA j\a1I c^^jJ .|» J^Jl^ "-^^JJJ^ '*J-^^ '^^J^ (_j<a j 
. Clilj jj jSoj dilj jj j£ll (Jj jsj 
Ca(OH) 2 + C0 2 = CaC0 3 | + H 2 0 (24-7) 
CaC0 3 + C0 2 + H 2 0 = Ca(HC0 3 ) 2 (25-7) 
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dj^lclijl! J^luib ta ^j-all jLajj jj^JI ClAc ja. j'^aj .40 mg/1 AiJUl 4jL*3I 
26-7 (J^oll Jfl jaJ .^jJ_)ji-all ijji » jol (j^ajlill J^?-^ CllliLjaj cAjjIjajSJI 

.Mg(OH) 2 j CaC0 3 ijjJj <SljV M^-Jifl ^ 

1) > ii^l t at . ^ij '<^J^' (jia .^jjol^j-a ^jic- 4jjJ^ a-Ac-j Aalac- L^J?^ 

CaC0 3 jjiJI Jjj^j 10.3 *jI J J\ pH o^J*^ u_*j^ 

cj*Vl t-iliaj jlj .t-ii^jollj JJoajlL AjltjJ (>J t>j (24-7 4liU-J) «L-jL*a 
jJJ^Ji JJC. ^ jjmlKlt ajjaiC i . IJ > a jpj 4li.^all aiA ^ I J jj^all jLaj t al . ; 
<jji ^Jaua JjJ^al 9.5-8.5 JU-a J&1 pH (J- 3 ^ '^j^l Al^jJI ^fl j 

^ia j slxaJI j jl jJ (JJS^'I (25-7 <tal*-aJ!) dllj JJJ%J (jjji ^jJj ^/ull ClAjjJ 





^Vl ii^ bid 












X j^j^SJI i i in ^1 
CaCOgs Mg(0H) 2 oLUj oU* CaC03 oLLii iU* 



JjJ^o J ; i l l f 
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CaC0 3 



till j aUa a jjurtJI 4jl ^ JjUjJISII llllj JJJ^I AjjUujVt 3JI jVI ^..iklaiJ 

jl ^s^JJ V .CaC03 t>> 40 mg/1 (j* Jal £lu 4jJaikLa ^jjjii-a sjjoiC 
jjji»-a dll£jllui JJ-»^3 (J's (JLaJ^I ' _ >y "< l40 mg/1 (j-a ^J^j^* -4 ^ 6^>uiC- 

<>» jliuall djULaxll kka a <jj£u .(180°F) 4-jllc ojlja. CjU.jJ (j3l j-a A^Jl 
jA La£ ^Jjjjj 1 g JflxJ is.ii.lj <li.j-a jx (jj^-a ^-^J^ ejlcj £-a jjaJL ijji a jj 
jjC. i—ljUaAll jaJI J) SjjjuJI ( <_al£ jj^. 1 <l > aJ .27-7 (JfLuall ^J-^a j-a 

^-oVl ( . lll-m ^3 .a jjjji-all <UI jb ( _ (J^ajli JJ^. AiUiaj jjJ Laj] L- lb >i jjll 

t-bojjjj J I jj .AjjU jJjSlI JJC ajj-util J jLal l*JJ lilli j b jj-oJI i-aj 4ilJa] 
a-ilc. ^2; . jjaiall ^ o^&Lui^lj 4juill jl jjajJjj 4iLjal (jfLaJ C(_^ajA LA*^ CaC03 
oLw ^laiV t*UiSj ^coijAll JaLai jl ti Jc. jjjiall cJ^iu t ba^jl e-^clj ^Lall 

jiaj ojjautll <UI j<s 

Aluaila <LaJbu»j a jj*ux!\ <U jj 

J .28-7 JfLMj ^cliaj-a ClsbLaC. SaJaa <\ J A}*. jA\ J^jj j»Uaj 
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^ ikj i ii a\\ jaaJI (_>iajla (Jc-lijJ .A^JIxaJI oLaII £a J^VmII t-lUjouVi £ _>aj ' - 'J** 
a ^joiC. £a jVI 'JjVl _>aJI ^ ^jjjii-all I—Ujoi JJ ^ya j3 ^ 
(j* a^jaaJI Al\ jj AjIaC. ^ (j^ajlill J£?JI JrtTlmj I^A j . JJ^Ji <LaJlxA ( " 1 Vr^"^ 

tajlc. AjjIIoa jac. 4jjj£ll ojlc-Jj .JjjjfUl Ou^l luaj L_iL-aa. (J Jc aj^A 

(jl (j-^J ^ 4<UjjLi La jaC lOOj 80 Hlg/1 (JJJ jl JJJ s^jujC CllLljluiA ^jl 

Jal 4jj Jil\ ilcjj jo=JI ( LaKji Aji£ LuL^ I jjSjj Al^AiaH <=JUa]| Ci Ja*J 
(jjj La ^ jj^jxaII sjjoiC. t a^iaJj 4jjA i^^J '(^H^jLall JJ^JL A^JIxaJI (jA 

(_ijjJa jjc 4jJI*a3I oLaJI ^ ^jjjii-<JI 4ja£ L-lLita. (j^AJ .4jfL<us 40 mg/1 

(-jUjouVI 2^ AiLJajj t^UJI bUaJI ^ ^jjjitAJ! j&Jv cs-^W^ t_jLu^VI 
Aoa^ jj-iij ^li . ^giSJi ^»LiJI oLaaSI 4-iLuajI ^jlc Ia ^qjojLi 10 mg/1 j ^LxaJI 

^ jjjjxASI ^ jIoia J^ili. ^ LJlc. cs^ <U^.^>a3I J j2>. J 1 afllaJI (—jLuju^I 

.Igj^juic 4JI j-aJI oUaII ^ i_jjc^>a3I 

Ig'Xllir a ^ajj ^sJ La ^ nl t» ( . iLuajL 4_taJajaJI sLaaJI o^joiC. <UI jj ^ <\ 1 JJ V 

jl LxulLo jl jliJj dll-icLoiA -I (j5L<U tiilli AiLjaj Jpa ^ 

^L.ja1! £ J>a ^ LaA^ 



CaC03 9 Mg(OH^ 



^»JI*-»j S illjV ^jjj^aj ljUuu! LkLa :28-7 Jii 
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15-7 Jtia 

— 11 j 30 mg/l jJLS CaC0 3 <lljV AoLxll jj^JI J jial .<_>ajlall 

.CaC0 3 s 10 mg/l £L3 Mg(OH) 2 

C0 2 = 8.8 mg/l Ca ++ = 40.0 mg/l Mg ++ = 14.7 mg/l 

Na + =13.7 mg/l Alk (HC0 3 ") = 135 mg/l as CaC0 3 

S0 4 = 29.0 mg/l CL" = 17.8 mg/l 

4ajJaljjaVl tllljLajVlj <-<ula £J-*=J S.laE.1 l-il-i^ <\ ^Joijl (I) 

jj^JI jjc I JJa-a Ajjj^Jall AjjLbaAll SjjoaJ! <ll jl j| i . 

.Na 2 C0 3 —j 1j j^JI j j CaO — j 

Sjlcj .iajj Igj^c 4JI jlll oLuJl o.lac.1 klaa a ^juijI 

. dslj jJ jflu sj^j^xj I^j^joiC. <UI_)a1I ^LaII Ajjli ' <"V' jl (j^ajjSl .4jjjSJI 

JaJI 



meq/1 




mg/l 




0.40 


22.0 


8.8 


C0 2 


2.00 


20.0 


40.0 


Ca ++ 


1.21 


12.2 


14.7 


Mg ++ 


0.60 


23.0 


13.7 


Na + 


2.70 


50.0 


135 


Alk 


0.60 


48.0 


29.0 


S0 4 " 


0.51 


35.0 


17.8 


cr 



t (129-7) lM ^ f J- J^ 11 meq/1 —11 ^UJI S^Vl -kk^ <> (I) 
<MgS0 4 < Mg(HC0 3 ) 2 <Ca (HC0 3 ) 2 ^* Al^ljiaYI cjbUjV! jU 
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CaC0 3 S jj^u 100 mg/1 = 50 x 2.00 fJ ^KJI Sj-c. .NaCl j <Na 2 S0 4 



60.5 mg/1 = 50 x 1.21 = fjjjji-J o j^j 





meq/1 j#=JI 














0 


0.40 


19-7 


0.40 


CO, 


0 


2.00 


20-7 


2.00 


Ca(HC0 3 ) 2 


0 


1.40 


21-7 


0.70 


Mg(HC0 3 ) 2 


0.51 


0.51 


23-7 22-7 


0.51 


MgS0 4 


0.51 


4.31 









elL/lclail Ljj^jJa Ijl-iLa 4jj\)-i<\\l JJaJI ^-J^- c£jl^ (4-") 

.|»jjjji-all t_Ujaijal (j^jlill JJaJI <>a 35 mg/1 ^jij AiLjaJ a^jout]! 

CaO —SI t> 156 mg/1 = 35 + 28 x 4.31 = <^j=JI 
Na 2 C0 3 —II t> 27 mg/1 = 53 x 0.51 = jUj <c ja. 

J1*J sUJi ^^Ijjal ^Lu i^acl Jak^a (cj29-7) L&^l (^r) 
AjJaalttll Ja jkaJI (Jj^all JlaJ .s^juuJI aJI jV ^jjUa^II j| _ja!I AiLaj 

(1.25 meq/1 = CaO 35 mg/l) J^ 1 >^ J^i 

0.6 jj -Mg(OH) 2 —SI ^ pH —II Sijjl -tfaLid 

10 ) (Mg ++ t> 0.2meq/l) j (CaC0 3 S 30 mg/l) (Ca^o-meq/l) 
1.11 meq/1) j) - s > JJ * 11 1 AaL* 11 ^j^l <jA (CaC0 3 S mg/l 
£-» (0.60 meq/1) *U1I ^ X-J j ja. ^Jl ^jjj _^all (Na ++ t > 

(>» Ajjlill i-ilbj j .(0.51 meq/1) ta j.^11 jUj 4iLjal jjc. cjjjj .Jill 4j*£]| 
<> (0.60 meq/1) y^W 1 ' j ,Mg(OH) 2 ^ <aal ><> OH" <> (0.20 meq/1) 

• ajjuusJI <3I J <jLa£ f.[fi\ ^ jjjiu ^S0 4 "j CI" aJ9 ^ifj J .djlj JJJ^JI <jji 

<taU-J 4fJJjJl£ CjljjJJ^ L_bJj ^Jl (J^ajUll JJaJI 4jjj£JI Sjl&j (JjaJ 

CjliLiaVI lJj»j -M^ 1 ^ J*fl S jSliflj t-ii^ JS1I JJO Jjj ^Ij c24-7 
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£^iS .25-7 aLUA\ cHC0 3 " Jl C0 3 " ujO^I ^ yr^ t> ^! 
S jaWJ! 4jj! jSJ *aJl**ll oLJ jj (^29-7) JLillj 25-7 *Ll**ll 



.40 mg/1 o jjouu 





0.0 






2.00 


3.21 3.81 




co 2 




Ca ++ 


| Mg ++ 


| Na~ 






0.4 






hco 3 - 




so., cr 






0.0 






2.70 


3.30 3.81 








0.0 0.6 0 


8 1.91 




1 — 


Ca ++ 




Ca ++ |Mg ++ 


Na + 








OH- 




OH~| COj 


SO= | C1" 






1.25 jiuLUI ^J-l >o 0.0 0.2 0. 


3 1.40 1.91 




0.0 0.6 0 


8 


1.91 








Ca ++ |Mg +4 


Na' 










COjj HCCf 


so 4 = | cr 








0.0 0.2 0.8 


1.40 1.91 





.^aJbui six. (S) .15-7 Jli«Il meq/1 -j M**" dU*I! j ? UJI »U»li ^Lu Lk^> :29-7 Jii 



16-7 Jilt 

A—sjlk^l ja^J! <c . .(130-7) J££l! ^ (jaxa ^^jLij o-lacl a 1 g Sj aj 
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Na ++ & K + 



OX) 2^0 26 2.9 



Ca++ 


Mg ++ 




HCOJ 


SO^ 


C1 - 



2.2 2.7 2.9 

Na + & K + N 
0.6 1.2 1 5 



Ca ++ 


Mg ++ 




COf & HCOJ 


soy 


C1~ 



0.0 0.8 1.3 1.5 



(b) 

'fg\ Ji j»U >U (i) .16-7 Jliai meq/1 -j M*-^ »U»JI j ? UJ! »U»U Sx«ci iakL. :30-7 Jii 

<>JI 

(j* 0.2 meq/1 jA ^juhIKII * >>"n ^ill jll ^jjJal jjaVI jLsjVI j] 

tlj^-a jUj ^UU t> U sillilj <Ca(HC0 3 ) 2 
•CaO t> 56 mg/1 Ji*-> ^1 j <(20-7 QUA) meq/1 
« sjuic 0.6 meq/1 tLp^ac 4JI jA\ sLa! ^jLu Soac-I kka J 
0.6 meq/1 jj^ cs^ 1 J '0.8 meq/1 AjKII ^jJill t> j t(30 mg/1 jA ^WSI iaJI) 

.^jLull aJU&S/l UU\a <^fl a J4 jji-oJI £-a ^sl JLa 0.2 meq/1 J (^Laxil ^1 (> 
LailJ .tllLl jJjSaiII j CjL) jJJ^ll CjL jjjV AojuouJI CjUaSlI AjjjfUl o^lcj Aja-J-J iiao 

. f UJI fi LiJI ^ U£ Lp>^ *]| JA\ ^ >Sf1 CjUjjVI J£ 

17-7 Jlli 

%60 — 11 J J <?JLuJI Cjjlij *UJ oUail (> %40 J o^J^ -15-7 JUJ ^ 
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JaJI 

.13 4jjU-4j£]I jl j-aJI tllULiaJ jl JJC- .15-7 JULall (J^ J i—Sjj^ij-all jiajlill JJiJlj 

^ f UJt aUJ! j> .Ua %60 a j^a U >. J J] * «%60 J] di^aa 
Sj^u 94 mg/1 CaO = 0.60x156 : ^ja. 
S jj^ 0.60 x 27 = 16 mg/1 Na 2 C0 3 : b jI* j 

29-) J^JI J 'WW- 6JJaa51 ''U^ LhU? S:uc ^ Jalaa-o jA (129-7) <_&^ jj 

jjijpJI oj^a jTj* -JjVI <k.jJI t> £ jUJI t3a^i 1(^7 
0.60 x (1.25 + 0.20) =0.87 meq/1 

oUall ^ ^.jjaaII ^LojA^/I Cjlj tiJ^-VI CLiljjLallj 

C0 2 = 0.40 x 0.40 = 0.16 meq/1 
Ca(HC0 3 ) 2 = 0.40 x 2 = 0.80 meq/1 

0.87 meq/1 - 0.16 meq/1 = 0.71 meq/1 
0.80 meq/1 - 0.71 meq/1 = 0.09 meq/1 

(0.09 meq/1 + 0.60 meq/1) x 50 = 35 meg/1 CaC0 3 
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(0.40 x 1.21 meq/1 + 0.60 x 0.20 meq/1) x 50 = 35 mg/1 Ca0 3 S jj^ 
65 mg/1 = 35 + 30 jjSi^ a!\JA *U AJlSfl S^u*]! j 



jjuiiftj) j ill jj 18-7 

<jj^>-a JJC. 4j|jus JlfLi! t(Mn ++ ) jjixlall (jjjlj '(Fe ++ ) jj.ll.iaJI (jjjl (jj 

(J jauj c^lj^J] 1 g i Aic-j .4jjIjA!)UI #.Lall (j^alj^.1 jl jbVI aL^a ^ JJ -13 

~1 1 ^J-a i— ilia JJC. JJ^a. iiL.l;.la. (jjjl ^j e-^aiJ Ajc^jaII ^\ > <-y\) oi& 

j cpH ^ S^u£VI Ji»-» ^u«j .(Mn +++ ) j^iia cduU-iLJ ^Jlj (Fe +++ ) 

■liujl^l (jli 4 t> 11 ■> VI JJ (jj j .e«lui£j^]l (_LjI j*JI J J^>JJ (_£jj-^a»JI (_g jqa <\ll j 
(j^aaj £-a <Ji.|jjj -13 J ^1-^?- V jAlla-a JfLiu ^gjJI UJ^ L - j^*-^ J 

• IgaS JJjJj 4jjLall dlLal^aJiuiVI 
(jli . (Jjia-a ^l-?^ij 4ajlijll elilc.l^a.VI jntj jl_ia.VI ^ ^^aJiuij J3j 

.13 IgJ Vj (j-ilx-all CjLi jj SAjoiSI £-LaJ V ^1 lp jjJ jj^all CjILuj jSlj \A. . aljA 4iLjaj 
jl 1 g j£ «J CllLa£ljJ (j£.*lS (jl (jj^J ^Uaill (j-<uJa lil^pjj ^IjILj 44il*-a 1 ^ jSjj 
t4^1U .all ai& ^W-j £*J^ ' ■ ' ^ L>* J , C5^ JUJ <-^ a ^ ^jjia ^JJJ^ 

j^liLall Jjl^l j$ jOxibn (_jicj '(*Jjjj*-^l J ^J^aJI JJ^ljJ (^^ -lArtJ l^aj 
S-Lu JJ^J °JJ-^ (j -4 ^ J *£UJ"^ JJ£ JJ^>^1 (j^j c^-^J ' ,VVv 

£3j-a jjlc-j 4A£jjill ^ ^LlVI ^a*». <£jjjjll fUaj ^Laul ^^Jb 

Ja^ixk 4j^ij]| 4jj|j Ijjjj^jII jaJ ^^ic- oUaII ^ £^ja1I .ll-laJI uLl 

Sjjij-all ^jjjjll t-iljUV l5JJ^I *■ ttiaJill jjSj j -(1-3 ojaa) <joUJj]I ^jjjll 
<Jt^i La y>C ijOaJI LjjijSj AJI j] j^j tll^all djl^uia. CjLaSI jj aJI jj ,J V\*fl 
die- lx<a j > t . LaJlmxi JJC-j ^!^)^ __^»l (_gj)J^» II _&AiJI jj .A qK^ij 
(j-a <ljj*-a 2-iallaJ Sjjdill ajjKll JlSJ .jJd^Jj£ AjsjIjj LaaJa liika 
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.aUail 4_aJL«-a jjfr iog'll jj jA jliilaJlj -IjisJI JSLLJ Ja33 fjl-lll JaJI 

Ajj^ill jA jLlVl all* <=JLua tgk Jj^iJI a,I>,iiSI Jliil JajuJ jl 
^Jc. oUaII £jjjJJ ^jL ^jiSLai £3j t_J_jfjl 4-1 Ajili^all Ja-aj jA ^^jj-aill (_£jg-a]lj 
4£.jA^-a JJC. <_JLjjVI J^j JjUjJj lilli .IxJ bLaJI jjaSJ t ^1 jx^al\ jA J-iC. ^Jauui 
(^gjfr (Ja*U jl a jLiLaJI £a (JjjLoJ dllLia jj£ja (J^^ LS J^-> cs-^ cs-^ jj^II 

.'i±u&^\ ClL>lc.lij £JjjoUJ jSJ ilJoilS^I jA <iii-a (JSjoiJ jjjxjj ^IjoijJ 

Fe ++ (jj^J^JI LlJ) + U-O'"^ > FeO x (4i^) (26-7) 

i-jljj Jjia. lJ jj jje. Alia. 

AjjgaJI La yaC jj£jj iAj-uSj -Ij-laJl o luiSl aJj^jojj ~l i hS jj (jl jj'iir Lall (j^»aJ V 
J j^. j £-a LujflJ 8.5 ^gJJ pH — SI SjLjjJ (j^-aJ LLaJ j .AjUti JJC. jjal j=J jAjJa 
AiliuaJI jfUl dlLLla jjjilall S.lui£l jilaaj (jl lj _&j-*»1I .^Laj jl JJaJI 

.4jjAjJaA jje. joiilall 4 \a\ < \\\ <UI jVI j^l 4 joiilall .lljail£L 
ajj&ll a«j La ^ J^LLaJ (Jinn jl jaw-Lall 41*3 JJ& 4JI jV j^jj 

<uLa*J ljJ»J 4j1I j] ^JJ (^iSI joiilaJI j] ij .£jjjoll ^aUaj ^ Jjl£ ^Si'u -^LauV 
jjlfUL J jW Jl ^jiij (jjill jjISaII jia. Ajll gJ JU^Lj ^3 t^uijal|-4jj^all 
iaiSj-aJI JJjWI (.nnnj tlya. 4£J jjoll t_xuLI AiLui jl teO^ jil ai& lui Lujoba 

A*jLiJI ASjjLlI ,Jk i(!25-7) ^ a^A jj>1\ CjLLaxll ^laiLm jj 

* jSj .£ jjoiaJI 4JI jV 4jaJla-a jjiu jL^I aLva j-a jjiiiall j JjOaJI 5JI jV 



563 



IjjUojS jjjilaJI j JjiJI iu£jJ .(jv>.n<fyl 4iUialj 4j|ju3l dll jUll £■ jjj 4jjI.j4jVI 
Cj^-jIxaSI i^jJjuoIjjj]! CiUilajj 3 kjJ _&j jl 071-1 <talxAjl tjjKll C5 ijla <UajJ jj 

<ula tjjKJ! Jjiiuil ^jc. j .ljIjIII uj^'^Vl jjV" aAjoi^! cli±KA± (.29-1 j 28-7 

<C-jaJI ^aIxj j .«LaJlxAj| CIiLAaC JaIS jjc- ^lla ja. JjH s? */ > '- ^s^C- JalaaJI ^lu 
(Jxl jfrj j^SI Jaj^joi j tpH iAjj-lxAjl dlljjjS/l JJ^JJ (j^C- 4-JjJ1»ajI a-lia-all 
jSjl-a (j^lj uil'n (jjp ui a jl till jjL J^'J i ^J^- i J$ ClAixla^J -^JJ -LS^)^ 

cjUiiajj (> 1 mg/1 ^uoSjj 'Ljj^j -%99-97 ^1 *taj LjjW^ 
(^jIaxSI (j^alJI ^ j • j^*^ t> 0.52 mg/1 J jj^sJI t> 1.06 mg/1 ^ jjj-AjjjII 

djUilajjll SjluiSl (jj<J J3 j .^jJiill t_llkLaII (j* S-Loijl (jj£j La UJlc. 

.LujoU pH II (jc JaloiA <lcliu Jtist-a (jl ^jjj IjJaj isLajI £-1 jjl (_>a*-J Uj-a ClI j 

Fe ++ + Mn ++ +0^1 J -^> Mn0 2 l+ FeO x l (27-7) 

Fe(HC0 3 ) 2 + KMn > Fe 4 (OH) 3 Jh Mn0 2 | (28-7) 

Mn(HC0 3 ) 2 + KMn0 4 > Mn0 2 1 (29-7) 

(j! ^gjj I jJaj tAjjLbajSjl SiuaSVl ' . ItoJ Jcli ^uijaJ ^LiSI ^jaiLaiVl (j-o j 

(j-a jjm ^ 

LaAJjjoilSlj ^jJu^aJI JaLuijI 4^jjja3I (jVjvaa^All jm'ull j -Ij-iaJI t <Uj .4jlitill 

S^J^aJI tlllaJo^>Ajl (jl ^jiaxll (jnWlN J$Jat Jil .^jJJjIj <UI jVI (Jjuoaj ^1 J 
oLa ^ulijJ \\*u\i JjJajj (_£-JI o 1 j i jSu CjI jjfaJI ' <Uj (jl ^jJj jajxlajl JJaj 
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dsLijjVlj J' ^i-nVI jjji-Lall (J-aj ^LijjjJ -iauj .J jla .all (j-a l— lljull j.UxLa]l j Jj^aJI 
j»Uaj 31-7 (JfLlJI Jfkj .^jJjuAjjJI Cllliila^J ^^"imb aJj^aJj (j^-aJ 44jj.ix.all 

t^jJu^ail AjjlxJI A <\\]~A jiC Cjljiia^ull Aj^»oj (jjOjai^j^aJI jjjiiallj -Ij-lajl a\1\ j\ 
lilliSj AjjlaJI AjLJall (j<a AjjllaJI dlLaJjoiaJI ojLa Jj_>a (J^J ^ ■ nr. ^JJ 




Jxluj loxJa £j!u ja (JjjJajJ j.u»i > ]| j Ajlau 4a2jaJI »UaJI ^» jojiiillj JjisJI 4J! j] :31-7 <j£*i 



pL>!S J jSlu.1 19-7 

j! jfLaJ CjLjjJ J jk-all ojja-c OJOaJI 4j! ij '.V'""' jl Al\£^\ oUall tjfLaJ 
(-jojUV cs^-W £tkjaJ! jjJj j jiaj (.n.nn La tt^jAj^a. aijuilll J£i ^^it l_u, 
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J Ja. J t_J jjjVl lJ* Mf"^ LS^I J J^l *L5I CjUI ja. j JjJaJI 

(JaxII (jc i_aSjJJ (jl £_ljjjll AiLui < fllajVl ClsLsbu^al (j^JJ • jlj^ 

JSUU jLaj tAlsL^jaVI SjLuiaJI ^J) AiLjajj .jjjiall JLiuj l-u^ 

1 rt'njj . (jjSi^iawJI Aaji^ Ij^^- Uajoloj (_J_^jja3l C>\jla 4_}Cjj JS^SJ (jl ^^AaJ-iJI 

(j-a JjJaJI (jljjj (jji tUILaa. I ■ lajjaba JJC- ^ jJ JJ*JJ c_jI.1a!I JjJajl > . UjoUJ 
. JUL.V1 (^Ic La jj^aa. (flia. ^^J^j ^ka. AjJjlall cUll L_uiJ j 4-«^aJI CjX^a j 
oUaJI ^gi oJ ja. j jAbj (j*jfia ClljLaJ (juJ (j^aL^ajll (jU Jj-iaJI (J^jV' ^glc. j 
"-Jj^ ts^j l_>^ (J^-*^ 1 j/il a lajLi (j^Lk^^ll ^iisuj .Aja jajjJI jl 4j3 jaJI 

.^Ldll ^liVl ^ r laJII c&^j (>j jB L^bl (> *J&M *L1! 

(j£ i ^ Ajli 4p.Lall (jjoLaJJ ^gjji JJJS (jJ*-a £" i "' a L-lic 

.frLall aJjajAll ^JjLlaJall jIjaJI j j^x-oll jlajai q±1 (Jclioll (jc £cjlj 

ojiaJI lL-jj Aj&I Ji*i t(jjj^u4Al3 <joujj1I Cj^lcliill 31-7j 30-7 jtitaLJI jLu 

(jjjl (j\i J jjlUI (J^ Jj-la. Ja. j |j|j tjjjjjajl jji£ Jjla-all ^ 

J jfrl : Fe Fe ++ + jjJ^J 2 (30-7) 

j jjlall : (jjjiall 2 + H 2 0 + V2O2 —> OK (31-7) 

JjajJ (Fe +++ ) t4pJ^»Jt dJl Tjala Jiat (Fe ++ ) JjJjJaJI (jj^ 

(JfLui jl <_sljjJI jjc. liLjjJaJI (_J£jj ^^Ic <_Uiijjjj (jj7> uiaVl 

.32-7 aLL-J Ja^d 
2Fe ++ + 5H 2 0 + 1 /2 0 2 — > Fe(OH) 3 J+ OH (32-7) 

L_lliaJI (jja maVI jL2uj| J^a-aj jjSjjII J!)la. (j* (Jaljll Jjxaj aaaull 

J ja. j <-_UjaiJ U Ic jj JjOa-a Jjj^l ^J] ( jj> m^Vl jUiajl jl .Oj^aJI ^Jojuj 
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jLgjl j i«.LA\ jjl j t(Tuberculation) Aj^aJI ojSh IgjlJ jLiu j^*^ 

Aaiajai jakfj jA t ^WI J^t^ (j* U"^ 'r 1 J^' V-*^ 4ijJ^» (j) 

• <— i ja6U (^Wl j^LuJ ajU^J UjUa£ jj! jj jj& 

^U^Jl JeliSL c-jja&U 

C0 2 + CaC0 3 + H 2 0 < > Ca(HC0 3 ) 2 (33-7) 

Cy Ijl^La J^Aj b^ ,CaC03 (j^ill j=A\ jjjjSJI ou^l J^j 

jj^j jl ^*f^J 'et-all uj'j^j «CaC03 — M t>> I ^Ij jjijj 

ajl^a. (_£-B (jjJ^ll JjjoiSI ^b — tjlj _oJj£]l (jjl jJ (J^La pH 51 

4 (JJJ ^jljJJ 4jjjata-a ^W"] L3J^ ^?-J-^ i^-^Ji AjLaaul AjoijLuJI .4-uiUL« 

^Ui All jV M*- ^ ^ f CjU t> 10 mg/1 j mg/1 

cAl JL JySI Jil Uii <CaCO S J3 ^u 70 mg/1 J>\ 40 mg/1 JU- 

uiSVl (jx 4aal£ ^5^° J LS*-Pi ^JjP^ J ' <-lj^ <\\\ 

Jj ^g-a^-oll jac. jj.lj.laJI AluiS j j.ljA -VjSjj <5j 4 mg/1 (j£ e^lc. tjjSj 

jA ^£ Jj^aJI JXajl JXk (j* ^Bj j JSbll aLuij jA J 4jLaa. 

AjjLuA ^jj ^ ^ LoJ tillji ^ ^,lVu>n j .30-7 aJjUaII ^fl ^clia j-a 
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alaj ^lai (jala-oll jii-all j Cj|j_aj1 j3 jj .jj.li.iaJI jjjl qa 4jjfLaJI 

(JSj^JI ^^Sjj 1 o'ni cUaojJj IgJjLaia j Igi^b (JooS j-a cAjjUoj (JxsJ 1 *\ a -li.}aJI 
dsUlajai ^ £jLi 4 aJajVI (j* -Ja<aj]| IjlAj . jbjill <j-a l j<\^> o IgJ J> ^>")<\\l (_£.lUaJI 

4jJ jjIS j oVjAl! tj-a AjjLaJI (_£Jj£ll AjjLaJI CliLiiaJI ^jjJ jSjJj 

tjiDLJI 4jjJj£ll cdualjaJI Ja£la. Jla tAstVsa jjla-a o^C. jpi dltajjVI 
^Ua ^l^aV ( . la jA\ L-SjLlh Igl-a jj Igkj.Vn fJJj . iV jiJI jl JJjaJI t^jjlal^l 
Ajjj^a j-a 1 frijt n^. jlj-oll (jj^J 1 allj 'jbj J-^*- 0 S^lc jj^J J «J ' n . n jliil 

. JSCSM <> ^Ubj 

AjiVjaii djUjiJJ ^ukwi CJ kJi jsfc ^ ^1111 ^iijii f ivi,ri 

(jiaxJ ^ j *\\ ^.UJI AjjjJjjjSJj dllj jjl ^JajuoljJ t^Lall jjjaul 

Uuj t*Ujj jbj J"jjt!a 4£-a jlajVb jl 4i>a VjJ Ajjlilc. CjIjjj! ^vVi.im CjVUJI 
(j* sjjAlxajl Cjli! jaJ! <bLaa. .sUaD AjjU^J^II (j^L^aaJJ j jl jaJI ^ijjt! 

c^VbJI .jljaJb 3 k>a J o-jSM cjbj&l cr^J^ <J^ 

^Jj I jlaj *U £J jjJ t-yjbl AjIS j] 4_p JulajVl f.WinM V 4<jjliifcVI JJ& 

jjfLall (j^aU^a^)ll j»LaJ jjj'u r-\\\ alxa (_)^aU^a^)il <joUJ^)1I j^L^a-all (jj 

Jj^aJI (ja Ac jL-a-all 4-a^aJI Ja jiaa. JaJjl ^AaJLaU ^1 ( jjVl (jbcf) Ajja^laJI 
L5 LG (jjll p.LaJI ^ (j^aL^ajU JJ^ljJ .la. jj .<joUJj1I pLall (jali-oll 
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jjfL LailJ ;<La.laJI Cj^L-aj J (j.saL-ajJI J ^laill (JjjIaL CjIcLoi A ■* > 

i^U j^gj-ajJ lillUj . 1 tui^M (Jjlii JJC- <Lll Urtll oLiaII J (j^L-ajll jj^JJ 

(JlljLall <_£ j"iui<\\ AjLaajoi^l (_£JU 4j3l^aJ i—UjUVI aLta CjlaSJ J jl j^ L>Lu-a dlLuC. 
a\o lll^L-a jll 3iu ^jj .L_l^uiJI ali-a J 4j ^ jauiaII ^ <\hr.^l 

IjljJl^jj ^jic. ALa a^AJj in (_)^L-aj]l 

JU f UJ ^hviJ Ljika lit 1986 flc iltj .2usiJ CjX^> jl Uto>V ^jVuhSLJ 

j»LaJ Cj^Lk^j ^jliu} La-lic-j .L_ljjill elo-a ^-uAjl ^j\> <aJj ( ■ U^Jp J (j-aL^ajll j-a 
tdlljiui jiki^ (J^Li. ^Ja ja So 'ajji i_ya\j^aj^\ (_£)Lajl (_£oxa JJJ ' (J ^ ' jfi 
eLva d/aij <Jl>La jli lilJj] j .4-aJ.oall jjVl (jli&l djX^a j J.jjU ^JJ La Ulfc j 
(JI-ifLuiLj ^Lvill llL>L-aj] ^gJUilall ajtajJU La .la. Jj (_L^J (_^aL-*ajlL Jj).n> tail 
#.Lall Clj^L-ajj JajlrN (j-a (j^aL^ajll ^JljV (J^-^ jj • (J-^L^a ^)ll LJ^ajjl 

.A^Luuill <=JU-aJL (Corrosivity of Water) *LJ AjKI t Liaj jA 

Vl* J-al (j^aL^ajll (J^^ . i^M I jj 

3i jj«-a jjc. 4jSI jll ^ j)-nnl\ AjjLjjall (j ajl i SI jV j 'Luja> Jaaa du^i ja lillil 

.^jJal j JJC- <Lajala]l dL/L^a jll £-a (jjil jiall jlilxll (_Jxall JJjL jj-^J 'LaLu 
Ajuir .l (J *\ 1 ' 1 'n (jl J(S hjj .(j^aL^ajll <_J£lj J (JJJJJJ lL 1 ^- eLall pH jl J^J 

Jc ^Aiu ^11 j (PbC0 3 cSlla) ^L^. j3l cjb jjjS ,> <j"jLaJI ajSI jll ^ ^kJI 

CLlLljJ jl (JaJAJj .(J^aL^ajll (J^ajl ■ aja-^-t J (J&li (_Lilc 4 4jjlall j pH 

tJaaa a^jo^-a AjlUii jijj 4Oj0=JI <_£>Ujl t bikj J 4JL\a jj£j ^1 > jjjJIUI 

JIjUj AjLllS C(_^jjJ ( JSJij j i jSSjj j aj-alui-aj <LaJ^-a joe. lAjjjdia jl Jj Ijlaj 
4_UC. SjuiC jIj alj-a ClulS jli tiilli j-a ^C-jlLj . (j^aL^a ^Jojoij ^»LaJll 

CLiX^aj Jc 4jjLJI 4-aOiJI Cll!iLj-£a jj (J,\finfl c^jj jjsuall j ^jjja»ll£]L Sjlc 
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<UajJjj (_pa*jll lg 1 <a»Jj d JaJj AajuoLaj J ( jjVl A-lIa-AA ^Lu-aL-aj 

.sLj-a elllaSJ (Jjl (j^aU^a^)!] AjL^aAiuA jj£ljJ Cjj^aL^aj ^alaJ 

<_£>Uj1 Lalaai il djlLojjaJjjjVI AiLjaL c-IaJI AjsJIxa ll Ijg-lal Jal 

,_>^alj^a^>ll djliuij3jjjjl ClllxjJajJ jjA AjjfLa AjSlj Ajjic.1 (j£ »fl 4 a^nj ^j^aU^aj^ 

tCjlLujjall j^Jj ^ W^J 2 lT-^j .Aaj*j j .(Pb(P04) 3 OH c^la) 

AiLiaj CLiLu) Jlia t 1 g K mi ^JaJ (jA ^C-^lLj .ojl jajl j 'pH J tAjjlSlI j 

V J .^jjl^Lall j Ajjju-LaJI (j^ajaill ^ tpH J ^£au31 £-a ClllLjjja jMJjVl 

djlLoi j3 _>sjjVl jaJ A\uU<u£ll tlA£±i=^l j t J^s> jlla CjLLo, j3 ^ jj AalUi Jjj 

■ Aaj >i j JJC. ellliuij3 ^JJ^ J 

££jaJI sLaJ! Sj^lS 20-7 

U ^ (SDWA) Aja^'I LJ jjill abu 4A)jj (j^ajj 
i—i^jill oLaJ AaiLjll 4juAjJ$\ (jojl jill EPA (jx L-lJulall JJ^aII jui'ljni ..." 
oLjaII IgjS Iaj tA_«UJI oUaII A-da^l JfU A^JIxa AjjjjS ftjSajJ! (jnWn AajJaUll 

."'"LjjjjJa lillj (jj cAaSjaJI oLiaJI 4 <\h'il j tAja lajjJt 
AjaJajoiII oLaII LaA i—ijjill sUaJ oJ^aII elsUaJI <ja jjjal jVI iJJJJall j] 

£jJali. LaA!^1£ j tAjaJajoill oUaII ^jjLla jjjIj CliaJj A*al jll AaSjaJI oLaJI j 

AjtjJalaJI 4_l3^a il sLiaII ^jA Clilliill ^^jjllj Aja la i al l oLiaII AaJLaua (jajl^jal 

^Jj A^alaJI (_jJa -»jjqn CliS ^3 ^>JJ J iAaaJajoill oLiaSI (_ja jjIiIaa JJJ^J 

.AjV jll CjUlkiA j Aak-J CjUlislaJI ^ic *Uj l^uiaj 

t2003 jjii ^ill j EPA Jja t> 6 £ jjSaSI Aja jaJI sUaII jjjli t-ilkij V 

Aj jIIa <_DLi. (jA t jlaLawall (j jiliiJI ^Ifi JaI . LaJtoJ Aj3 jajl sUaII A-Jajl (jllaJ jl 
:Ajoujj dilij^A A-mAa ^^Ic- Aajju oJ^jtaA j*. jja AjjfLa 
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dsljjfLa 4_uLaJ ^xisu ( ■ lliaJJ <Ua jaJI elxaJI 4 aJajfy ^J"* > i— lLa. _ojoia . 1 

. jilt a\\ j jjb^aall jl JiiJI .li-lajj 
.(J jl jJI tlijliU AjJajaiaJI jLVI Opaal 4a^. jljjOi^JI 3j.nl maJ] Clll aJjSj .2 
ajjliaJI jbfrl L^Lw J=^J aUJ J^xaII aLva <Jl^a .3 

. jJaiil (_S^>^ dll jjJujx jjgja £»a jl tLj-ia 11 r a jjJ til _jJulS\_J 

Jl i ojj i nl jjo) ^ jl jJI cj'jllllj jfaJi jjj^aSi ) Jk]l g j^ , JUal .4 

jl i (Jj-^J J-li-^xa aLj-a jj-alj 4 J j'i 1 * <ill jji .-illl jl (JlaJI ^ j^ * <aJ i dl _olill j li syt\ 

.(ujLuo jjjill (4 log) 99.99 ajJ <?JU* j^fa 

^ill jlfLall ^ (JJJj-a .->jS»"lll 4^JU-a (J-aC- jLajJaJ JjSlVI 4jjj|^a .5 

jkll Salaa^ll ,Ja .SjuLill 4_}3 j=JI aLjJLs jjg ~>"\ A 32-7 J£jS1I J^u 
jjjxiall J OUa.ll 3JI jl jl ojjui*]! 3JI j] jjc 4jjUaj£ AaJUuaJ 4a3 jaJI sUaJI £jJaiu 
(jl AiiaiUI ajjl£ll j^-aJ La£ . cllLai j jjfl]| (JItim jl La^-lV jS-aJj 4^JjJujj 1 g JS t j 
4 11 t <\11 jj^j jli ,£j jjj]| A t\W\\ ^ J_al£ ^in^ .la. jJ jl j ^j'qt'lll jjjuoaj 
jjc. j^s <Lj3jaJ| aLudlj jj^aall j»lj jl j^-aJ 4ili c jLjjj^Ja ^uijlll j AjjLuu^II 
.(_£jl jJI Cjjlill jj-a Ll<aa o jllll (Jia. jj^J jl £tOj-^ ^ «)nil ^Jj 

j»Uij ^ LS ijla -AajV ajJJ^I d»l aLxaall ^ jjKll L-al , j La Ulc. jilj 

AjS ja. ULw Ljai ^^iijj jl La ^laal «.La]| 4-aiijS/ j^aJj .(^23-7 (J^-i) 

j<\> <~i Ac j_a^ a^jii-a jLlI j^a 
t a^J oLiaIIj (J^J jji; j<i> <i Lji-j jl ' Ja^. jj jfLaJ V Ajli tajjlolall jLVI 
jjSJ yjiiJI f Lkil Xal£ iLiw2 i.iUiTl aOA ^Lull SjWI Jla jl jj .<=JUJI 
AiLjaj j^-aJ j^lj .4ijiLa AjjLa CllLaALows ^jjjol JaaS ^^i^J 4j£juu t_)JjLil j»L?^.l 
.Jjjla jjK jUuV Jjila J£li jLVI (^fl jjl^JI 
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j^Tj— 



jjj (> ijija. aU» (i) ^ijaJl »U»flj Jj^ajM iJai :32-7 Jii 



<_Sjj) 4jjgjll (jUaj J^ ^UJjIill JjJJ •cs-^- a ^ (J-aLaJI LT^" < T 1 W Ja ^W 

IpjLaJI ill) . iijj^ aj^^H CLlLja^uJI (<Ua jaJI sLaD ^Jojoi (Jj3 Ariui<\ JJC. 
(j<ajll JJC (JjJaaull (J^Ia ja Cllljaijjjall (Jl JJ .a jjJ jjjJjujjJJJjfill (jiajJJj 
^jJj . j/nUrll ljl£ JJC JljSa Ijji&jll Lai .4jjjll t-llla. ^gic jljlaVlj 
jAjJaJJ -iSJG, "> tllaJ l(g <\7>^» jir i L) . A i j ) IaIaj&I AjjxaJI ClsLuijjjall 
jaj i^cl jj| OjO^Jj AjJai-Lla jj£l jjj AjJojaaII dlLui JJjall -J J*- J till jLui.1 
jl <Ulj AjjJ^ oJsLa jl AjjJaalLa ijiaj ^JJ ^aJ villi jc *^ ■ "— a . 4 Hi ,-> j a Vqt ^ 

oj|^ (_jjJU (_pajC- -j/""' jjl j3 jAjJaJJ .AjjxaII dlLuijjjall J J^-J 4j3jJ Ji 
(JlSjjl j-ajj ''Sf? , _^J^? , JJ^M-^ CllxLuill j tjiAjll AiLowi j t^^jtJjlall -ja.-iti 
LaA jjljVI (jjlalaJl j] . dlLai j jjill Jlaii! c Ajja_o>aJI oLiaII ,j LllLaJjotaJI 
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^jaJI i_SJjjb<aJ (Jfla. j t^-s i ^i\l <— ajjM^all jJjLa-aS t ^jai j JjAll clljliU J -> 

diLuaiall (JajJojj j .Alaic tlLjLilaJ ( _ s lfc U^LojcI j^-a <Ui$-a Sjii. Jc j 

jjc. JjUaill AjLaj tq^ajS/l ^Jojuj dtaj jjjll JbjC- (Jj-aO 4-aW J^J^?- JJ- 1 ^-^ 
CLiULnil j)£-aJ Ullc- J •ajj^^.j Vim dlaJj CIiILlL J yz. jj t^jlajl ^uLoJI 

Jlijjl <Lajl -Xi-laj jj^J IaiJJ .dlLajoiSlI aOA jtlaj J jjoll Ajlw ujjIIj A-uLiuVI 
(—iLuaj^ <Uj_ajaiLa. ^jLaj jSjJ j>«a ^C.jlLj c JJJ^J L_Wj^al CLsUT&L^ j AaSjaJI slxall 
. JAa^a £3_a-al <Ujin^ ,n\l ^cjlaill qa Jjiaull ijti <~i\l j>-a 4jl Vj cAa3 _yaJI sLiaII 

J j jj 4j jLa JJJ oLl-a JJ (_£ J)*J oLiaLj (JjiLa jLaoi! AjLiJLS jjlill (j-oj 

AjjiLa (_pal jaI jLaajV ajm <i dl^/La. "-jUiJ j .4jjl£juo djla^aau oU-a 4 aJajl 

^ ^jull 1 3& J) .<Lal»JI sLiaIIj jj^ jj-a £cjU j-aj«a (_>iaj-a 4jjaj tlia.jjiil i«.Lallj 
J^C. JtilL IjJj- 0 LS JH -' " ^ :' <^-ljlj cJS-m^iJ ^j^aj-all J_^a.J <^j*J t>»3^' CV' 3 ^' 4 ^ 

.(jLj QaA 4_jJ 4(j«aLa_iiS/l j-a BJAjS JI^cI <JjL-aJ V ^ttaoll jai^-i j-a 

jjg aJilt A ^VYiI i— llaO <j3_aaJI alxall (jl JJ JjIjoU dliLa J^-Jj (J^ (j- 9 ^° 

jl .41^-all <LajAll (J^IjaSH 

i <Jc.U jjia]! jjS! jj .J^l JL-ajl L5^J LS J^*^ dljjLj l^aa > : ii 

. -1 » Sail l^Jliajlj <j jlLa ( dl jLa l^£^>ij 

("ilt'ifi-^'i <La^i. A Cli^a. ^jjjall L_ujljl ^ sIoaII IjjIj jl jac. 

eli ^alill JjJa (_V-sa3l jj . jjfl J jj jl ^Ja^a jjc- (Jjt..iS 4-?Jtij Usj Aaj£jai 

4 lib nil jl Jj^-all I—iUjouVI ^lal -UjJajaJI Cll!iL^ajll Ajal^a ^c-alj^J (jj lVi'i jA 



573 



t (jiaJ jAllI JJ-^J t^jl *n>nm\l <J!La) OJjJaaJI Ajllc <La.iaJ| ll£L-aj SJJJajI 

J s jLojuJI JLa&V (Code) jyj'ja ^ > a ?- 1 ch 3 J*j <(tA>^ <^c.tSj 

i\ JJC. LJjiiS ^jiwa -Jja.J 

t.Unl *im t_±a, j-a 1-iir > >i Jc. ^ILVIj aJjjAjl 4 jib nil £ia ^jj Ajlai lll^L^aj jl 

jixi. jl . ( ■ iIauuVI £Ja (J^li. jA oL^^-J T*" 1 ^ 4jaUJj]l -L_alxaJI J 

ejjl£ jj .^jl" 1 i-J^^ 4iioL<JI j 4 <ai ^>^\1 sIjaII 4 aJaj) J H n > n ^ i—jIojouVI (JjA£juI 
. ij ja L_lljjaijl jA Ajla jj .ij Ja J ■ JJa > <_1^J 4j1c- M'-n ^ ^Uaj] ^J-JJ Cllmjj i JJJ sIja 

^jifLa .jUuV jji^JI t^^joll JjflaJ V jll 4j3 jaj oIjaII ^LoJaj! ' *";■*-'' ^3 

I 0' J-«^j -0.4 Jj 0.2 mg/1 Ajuuii ^jjjjI! 4-alajl J 

^jaII ( . iLluij VI J 4j 7. CllLjjJaaJI jA Ijjij^a I.S.JC. Jjl^JI (j-a (_g j"b liaI I 
sUj l^a. bj-ja-a Jajjbull jjfL tt-AuUVI A^iui Jj JaJ-jll 4jj1a!I oLiaII 

(7 _ £ ^j^J Aajj] jali LjJjfLJI J^ 33 " AiJ •^-°J^ < ^' dlt-bJafclaJI 
^JLj 4-ajlLa Cj|j dlLaijjjaJI jJsuua (jl JJC. caLsj .(mg/1) 0.1 jc Jij jaJI 

aA\c C . t *jS t_jikjj 111 <<« jlLa CjUjIjjjVI il)Loa£a tSjiiS liLuJa! 

jjK Jjla Jj2 jj JJC. Ajaj-a3l <jISj!I <a.j.i JJ-^J 1.1a. ( ■ \* * jAj .AjUJJ 
4 rthll J J^jl^JI ^qi"^ J _aa. j jj _aa. olj-a ^jjjj ^Uaj 4jlc- 4jaSla-aJI j 
4j^ieaJI 4j.ixia Lijjj£j1I j-a aAi^C ^Ijjl jAi ^jSI lia. 4jaJaja»ll sIoaII 
(j-a oja. ^.LaJI dul£ jjj .CJJjljVl <Sjui ^gi jai\\ J jUu j AjaJUuaJI ^j-a jaju 
jja 4 Lj i >i jj^ljj Jc- AjjLaJI cjjj^a]! aLta jps JaSS %0.1 J 4j jla ^Uail! 

ji jjjoi 0.4j 0.2 mg/1 jjj oj^a jjH ^y*'* c4ajjjjjjall j djLja^AASI 

I jj jl JJ^I (-jjj^JI oLi-a 4jUiU Clul£ jj 4jla j ^LuaII lOA jA^aJ V .Ajli jll (J^»J 
jl Jjl^JI Jj i-jjj^all alia ^Liia.1 ^jiaiaUj .IJlc- 4jJajAAll j i ^1 la \l JJ^JJ jl^ 
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^Uaj Jj <Lla.ta 4jjLa JJC- 4_l3ja. alj-a] ^ Snail JjlSU AjolLIjII AlljuJI jj 

jli .^Uiill Jl <Ja.WI t^jljjll cjjlill jwj^ diLjj jl jSlI jlila.1 J^lJiJI ^ 

. J^Ia-a Jjj-a (_ jL l uijl djjlj jjij djLjjljall J ja. j jli 40jjK-a JJ£. oLiaII d±jl£ 
(JJaxJ (jl CllLj j] jail (jS-ajS ' Jjl^ (g^ft* ^J- 2 - (j) 4t ^^ t>° (J.'^»-Sljj 

<. Ljij^J V j . CjLpljSjJ^I I— ll "in^j e-lllail CAmi Jj^all a Jja.j JJ (j' jj^ 

1 ■ Ifmj 4jj.la. jla. dljiill (j-a 1 t^isVu (_g j li. n^ jl Jjill ( _ s Jc- oU-aJI <aJL*a-a jilajxi 
. CllLj j] jS i J ja. j t aJu£j (j*a jaJ t_lljf- JJa ,j Jj j>s I— iLiuijl 

18-7 Jli. 

Aj i ajj djLujjjjall iJjJaaj] jjj <Jiia. (j<s SjaJiuba Aj3ja. alj-a aJtoJ J^VI L_iiLj 
Uaunia Luibu jSjj V jjjll A«J Jjla-a jgj J ja. j jl .(3.0 log) %99.9 

^jjjjj^II Jajll Jaa. Jxjj .AjV jli AjaLui (_Jj3 (j^s ^jaII ->jjVi Jl Ijljlujl lilli j tLu-ulla 
Jjc. (—iUjouVI Ac jjuj ^Lj j c2.0 mi jaj ^U^'uno J jl Jj jjJI (Jia. jpi ^jlill 
U jJ3 pH <Uua jt5CUjJaiJja.Aa.jJ ciaJ 3 0 ft/seC (J j^ ^Ja Aauo, 

Jji-aj (jja Lujjlia ^j'^MI (jjfLiuj (Ja 'jlJI cl^" J] jj^^ ' V 1 ^ '7.5 

MVi.no jj Jl flUJI 
JaJI 

3.0 log J*J t> C . ? A-aJ J -kaX *15-7 S jiiB 5-7 JjJaJI t> 

j-ajj .6 lSj\-±>H '5 C l&jja isjl ja. Aa.jJ Caaj jaJI jjl£JL dlL i j jjall Jjlaxjl 

:^jLau (Jiill <_s jail J jjjaII 



2.0 mi x 5280 ft/mi ^ . 

= 57 mm 

3. Oft/sec x 60 sec/min 

6(mg/l).min 

C = =0.11 mg/1 

57min 
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C . ^ (^jLoiioij .jbjj jl jjKll j^. jla t0.2 mg/1 a j^a jjK ^iila 
^ ji&l (jjSLoi .11 (mg/1). min ij jLou 0.2 mg/1 x57 min AakaJI 
.%99.99 <W? CjLo! jjja JJoju (4.0 log) — 1 J 

^jjSM Jjuui 21-7 

till jjjiu dil-ia.] jj^J JjK rtll J AjalfLa Clil "i-s uj jja^Loij J jla ^ll -UlLoJI j 
U' <jr*-f^ J^lfilt 4jLc £jj .^<u^all Ajjoii 

.1.4 j 1.3 jjaj ^- jl jS 4-nj-aj aJIsj dili 1.2 j 0.3 mm jjj UjUaal £■ jIjjj ajji^ 

tCjljlillS Siia-a ilAjjjjt AjljV ^j/^ JibuJI ^Laj-al *ljaaJ o^-aJj 

IgaS £_>JaaJj ^<\* .-i 4iiiL ^)j£ (JiuiVI Aj^iall aLi-a lg_}3 ^sj (Jjir. Alia* • 

JJ^J A^jIj aLfa £»a Jfc^yU I ■ iLaila Jjj^a ^Jai.i iT . • 

aJJ (^ill Jc-^l 34-7 <JjU-a3l Ji<«J J .A-aUil s^^? jjiS a^L JdJ a jjoaJI t ajaa^I 
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jx (JaJu3 ^jjjii^Jlj ^ijU*i\K\l j!LaJ .^<u>-ill ^jjjVI jj£-all R <J!LaJ Cllli. tl^-d 
t4j j Vim a II Aiilall ijAaJ jl*J La^jfrj J jla all ^-3 ^jjJjj^I j«a AjalS-a 4-l<a£ £Aj^all 
JjjjK jjla-a ^jSJ t35-7 l&^I ^j-iaj-a jA La£ j . (Jjij^xa JjLjj lll-lao 

^ jjjjj^alb ^-aj-all -lj.l=>J -il-*Jj jilSiill 4_ljLij o jjaiaJI dllj j;ljl (Ja-a (_£ j3 ^jJ-i J^a 

+ Na 2 R —> Na + (34-7) 

CaR + NaCl ^ u > Na 2 fl + Ca ++ (35-7) 

MgR NaCl Mg++ 

j-lliilL l^jjjaic. CliL jl eXjual CjUil^-ajiiAll J^c. o-lacVI laJaa <\ ^ j jfL) > h j 

Ca ++ cjU jj dJ^I dip. tf UJI aUail cjUall^jkaJI ^ LjLau, jAjl£3l 

Na ++ jjjL Mg ++ j 

(J^liiJI 4 I-iidI jj aLjx o^joiC. Jjj-aJ a jg ~> all (JjliaJI (_j^La ( _ s ^ c ' 
t . W nl n j I^J^joiC. 4j|j!aJI oUaII ^ ^jjJjj^aJI JJ^JJ (jl J] I Jfl ji\j (jl t^gjjjVI 
ujSjj cAoljlaJI dsLu^jall (j^aau ^ j .djLjl I— lljjjl Ij^Ja 
(Jjj^ ^llju j1 .ajjoutll (J^j^ JJJ^l L^^l^J it-ljjuall oIaaS (JiLoui ,0 jln^ll 

Jjjlii^a (Jj-£a jj 1 - n-s J tl VNrtQ lilli jl£ jj JaSS AiSkLaill oLaJI Clll jjg aj B^juudl 

.4-aUll oUaJU Cjl jj^sulU aJjUll sLaII CllLal VViml j 
aLao Ajas. j j* jij (_^L=>ojV i— i^iill eLiA ^ j»jJJ j i all ; ^ * >— I jjSjjll jj 

.100 mg/1 ^jjHj 2000 mg j^j S^lc jjfL ls'^j ^ jj-s^JI 

.isJIj jJL jj-£a 500 mg <_j.aiaC.VI jj^jall jj£j » ufl ^1 4-lAaJI dul£ I jj j 
£CJJJ •^JJ-S ji^all j>A 20 mg/1 jA A-lfLi^VI C-llall <Uajlj 4j JJ ci^ll ^ » 

sjjoic. Jjj^ ^ 218 mg/1 l^jjjoic. ^Lj oUaI ^ jj5\£1I JjLuIL sjjou«JI ^Jljj 

43 LgJjLoi alxa SjjoiC 3Jljj jj .^jJ^^i-all (j* 100 mg/1 l^j^j 1^1^-° 

.^jj^^JI ^ 20 mg/1 lSj^j 1a Ua ^liLo! mg/1 
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a jsa in jv <^ j^fi Jjijiii 22-7 

ji6u bliiil Jat l«i J\ \ r<A2±U\ n cj! Jiill £U-L UH£ l^lj jLi^ 

JU. ,J CLiljliJI CjUaS ^LjJ_;\_j i.nnin jl C_itjjjj£JI jl jl«l u\* cojiaA CjIjjjj£JI 

J&la ^> jjj jj^II jjI j .4_pl»JI ^Lu-aS/l JU. jA ^la^Vl iii jiLJ 
.cjljlill oj^aoj aJI jl d^lclaj 36-7 ALU-all j^ki j 

so: g g^y^ i?so 4 

RS ° 4 + NO ^Cl^ uJ* *Nb 3 + C1 " ( 36 " 7 ) 

«4j jlall C-lLcJa jjll oc.la£ll jl iia j .}I.W£U ^LjajC aJlA ^a.siW AifL j 

j<s jlij (jl ( ■ laj 4jJl*»all oLiaII jli lil .(_5jjj£jJI _aAjlLj to jj» 1 all (Jjjta.ail j 
j^s 4ija i'iiji ^i| jli . j^iiall aJLuja JJC. jjSj jl J j-Uxlall j Jj^aJlj ^ <i)->\l 
OujjI^VI j ci^jil jl (j^) Ijlaj -i=k-a jjc. ijj-a iS^xiu \&\* nr. jli cdlljjLJlj ilsliLdall 
.^•l<v> ^iVL AjjlLa j^LuiiU aJjjja) <LajlLa L_j|j (_£j^/l Cllljjlall ^Jiuuaj 4jj0*-oll 
Ijlaj ujjjouII Ojl jjj J-jLuII Ajtjoi j oSl lb tAjjall 4jjoiUjjV| £-Ua-aVl ""'J 
j* ^jj-« AjjoiLuiI j* jjsoj ^Lttj^aVI qjli (^ylc- (J-^Uill ^lj-° jl 

^a\jxl\j i jJJj-u 4jtxJaJ ^Laj^aVI jj^J jl '"SU^ J ^ a J» > ^ 'LtuiL-ul ^il ja 

t4jvlU-all oIjaII AJjUaJ^II (J<-lM > si^W j ^>\l Joajj ^ jj ^^A 4j ^-sTi 

i_al 1 ^i<\\l ^IaII^ Jjaaoll (_gj"un<ij iJj^aJill Sjlj^ <^ jjj ijjijjjll ojlji. 4ji. jjj 
2a<HI (^aCj ts-LaJL Ajaiall JOjuo j <2a<UB ^ sA^I jl 

CjIjJjII jjJ^ (jJ^jftj! .^1 4jjJ_oj^aJ ^jljli.1 CjUia-La 33-7 JSJill J^JaJ 
aLw ^ Cliljjjll j celiljjjaSJI j 4<-lilj jjjfLull clilj jail jj^l jj J^-IaJ i^uijjll j^li. 
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SjUJ Ajjiojl »Ua ^ ijUjjVI joS jj Jbjj .til jjjU ^llul j-waJ Sj^j J^ai CiLuaJ^ :33-7 <Ji>i 
j «u i.iio dlljfjjj! sLw i^J^I C^l j^J^ t^ - ^ ^ <^ a " 

jljp. iOjaaal] ^JLa NaCl ^La jtjp- 'epj^ (J-^-£ ^^Jj^ <— J^J tj» 'jM S^c- 

jfl Saj . Jj^aall j ^uljjU L_ujlj|j t-jjj-all iJjjojxjI eLaj L_a jn>n«ll ^JLall #.Lall 

^jjc jjlilj^a > >»1 ^ <\ 1 in ^jjVi (J-jIjjI] J**^ ^ ' ^* ^tJJ^ 24 ^ ^ t 34-7 (J^- 1 ^ 
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(jA 1 g *m J <Ixawa Jj-aC. •^"'"UJ ^UjJjI illaJ 4-aC.JLa 5-2 ft .-ill 

C.tjj| Si!Lalail AifiaJI J^aC J^li tj-a j itllUJall JJC ^ jajuaaJI ^olaJI 033 J!iLa, 

(-iSUuj d^ill cjLjUJI .%75 %50 t> J^j j *J2j*ll Jj-ut^l 

<sJIxaJI oLaJI £Jaj ^>aV1 li* J^J^J -^AiiJI (j* LajJ ( - n-% j l£JJ j 

l < > "ill (_gi <sJIxa3I oLiaII o^i.j-aJI a0^.j ' " tAjouLaJLa AjjIoaj£ (j-ajU^xa-J 

qa ' ° ■ ^ A-\\\r n\\ sUaII <LaiLa]l oO^jj t Jjt. ujj \\ 4jIaC (j-a (JjVl 

(J^j t_l»ua> JU. ^ 4jjjjjJa CjUjU. (jli liilj ^jJj 4iLjaj . JjijSSlI JU-a 

^_^a ^1) 4j\i t4j ^ j<m n^ll ^ flhr-VI Clljllll (_gj"uiifl (_ja <J^ '2-1 mg/1 

^»Uaj ^ l^a-^ia iJjS <LaJU-a jac. sLa £a 4jaJU-aJI alxaJI 




^jjS JjUj f IftjJ gJaLa :34-7 JlA 
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Igilaij j .4^JLa oUaj £^<\> 4jLila £<Ja :(J^l^a CLlAj qa JSJ-iaall Oj- 1 
alkali ( jjq-^"i ^li t<La.iaJI qa 4jjLaJI J^P- -^*JJ .IjJ^ ^lauiC. IgloiC-j t#-JaJJ 
.^rtn^ill AiLda <jj3 ^Sl jJI ^Luuill £ jjA jjc. Jjliill tic j ^J] L^LJa j 4^aJLa]| 
ijLujVi j^j <LaJLall sLaII t-iLuajl <jj .VqiMI ' ^aj j 'a^a A£- jaJI ^JLj 

£J2lJ 4<ajJall (_3j3 J_»2k_»A3l 4_ljLaJI c.IaSI £-a l.ij.i^-a 1^-3** ^J_> <u ^' 

tlllj j U^l qa AJjUJI c<=JU-a aUa <_^Jo ^jll j T^K 1 ^ ' tL^I bLa (Jklj 
.^uijall ellil ^ A^JIxaII jac. bLaJIj jjg a^II <Ua cJ^--^ ^ jjaJI jic 

. (— Lji <Vi\l mil ^UiujVi jjc. ^^>^ j 

jIjSLjAj ^ajujJ a jli a3 A^ljiail .IxJj 4.1^1 j t_sjla ^^ic. 4j«jlj]l ^^iLai]! ^LaUjVI 
( _ s iijaill ^Lijj^/I tlll-l^j] J^^\ t L>^3I _^JC 1 g m£j tllljlaiJI (j^flaJ ^JJ .£-A*^all 
^j_a-o AAjS (J^i. (j-a Jjjjudl bVia .tlll-l^jl] (JjVI I— L^aill ^)J£. SjaSj 

(j-a £Aj-aJI tlll-ma £_1aJ Ia£ t^Ai^all AifL i^yajsd a^A Jj^all (Jjjuixll (jj 
till iifaJI j (^jic-Sfl ^ tlllilA.ll 1§j3 (jjSj flAJala t"lU;)-i J^j (jl 

JjjaII Jj...h»JI J*j CjIja "ale. dj j.1=JIj (j&Iajll IjSA J1<J ^laLo ^jU . JiuiVl ^ J^Vl 
1,11. aJJ j SajUtl JjAaJ OaJ till Jjjll ^Jo^aj ^gSjJ t_S jjuj 

.4-a^aJI ALLJI ajlcj Ojfr A^jUII aUaJI ^ tljl Jiill JjIjjj 

AaJU "II bUaSI %4 (Jj %3 j-> aj ^Lj AjjoUJ ajlc ( ° j ■ all aLlA t_lLuijj 
jAjoiill al_La (j-a %35j " 'aU.TAI a l_i^ (j^ %50 (JjUjjJ c^^J t " iVq ^ i— i jjc. 
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■ll.WlN ^jjjj^all JJJjK <;La£ .AiikJI AjaJLaJI aUaJI j* %15j <J5jaII 

.^^L <M t> lb/1000 gal 4-3 

lg-aliiljjjlj t^Ja ■ all jjjla-all J Igijjj^sti L_sjj^all aLio ^ Ja CllljLlk jl 
^5jLuia]| j .4qj.n(v jSa. jbl >^-i jl Lj^Si ^_>J J) Ljijj^^aJj 'O^J^' J 

£ jL j c<«ijjJI JjUuSlI lJjKj ^ CjI Jiill Ail jV ^ j^jVl J-Aiill AaJU-a] ^oyjjll 

.<LaJLa]l L_3j.^>\l aL-a 

fc*LO» ^0) 23-7 

(Maximum Contaminant Level) LS *^)l\ ^jlill t£ JSl 
j jjijjll ^jj .10 M/l Jj 50 M/l u- EPA J^a t> Jti\ jjJLi 

^cjjjj ojjj-^aJj tdiljljSlI j Jj^aJI £-a 4j|j-a jjc. dll.vi* <i a jj* <aj <_>aj^l ajjjoS J 
><-i (jlj3lj 4 Jl Vun.n\l JjSjll (JJ^J J_aij^all ^ ">/'"' $.Lall J 4-lljj 

<laAl ji&Vl jj^ajxjl) (jli (jjUll aia« a Jl 4_Ajaii]lj j£J .4.C.I L ,-tll j^a j CllLaLkll 
j 4_rsJajoill aLi-ail (_pa«J J ^Ljjjjll J ja. j j-a ^afrjljj .«.I^«JI jic ^^ijjjll 
aLl-aJI 4_uUjJI t_l^ii]l al_La jjU^a-a (jl V) 4 < -»7>l Lall c_ Sjj^ eL^a jj£j La Ullc- 

(ASO3) ClilkjjjJ^lS Aj.i.uLml a jj* ajj <L)lia Jj ^Ljjjjll ^jjj .AjSjaJI 
%20 <lfuij La (jla t jjauLiiSVl <C jjlaJI 4j3 jaJI aUaJI J j .(ASO4) CjUajjjll j 

.dij^j jjll & l J <> ojlj JS1I ^ jjll <> %50 Jl 

(_g j lim eL-a j-li^a-a Jl J jaoll ^tjjj jJI JjiaJ j»l jiilVI <— ll jLa. j-ajJaJJ 
jl jLI a^fr (j-a A j^aa 1 a a <c-_aiLa a.J _a-a 4_l3_aa. el-La ^ j-aj ' (J-^^-i- 11 £]^Uj (_g a 
4_aJU-ajl C-iLuSj jj£I jj <aJU all ^Jaml ^cjjjjll 4JI jl j t'aij^a. jLl J jia. ^j-a 
4ji.UJI jl . jJaJI ajxaC 5JI jlj 4^J^aJI ^Jljjj 4^uijill j ^ jLk^l <ajuj| jll 

a Jji^ i— lU'^-^M ^ jjj^/l Ji-nl! ^Lu-al c^> 'o^J^?- CjLuaj Jl <a.LsJI (Ja 4^iall 
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4j^hr-1 <LlLall ff.Li&Vl jjSlui J • oLuilL Ig'ulVif jjg aJb ^jij sjjila jU o^C- till j 
tllblaC. tlljl£ jli .t-luUVI 4^U* (j-a^a <C.j_^a]l £tjjjjJlj AjjLall l&jLlT tllUtA^jl 
A^lui till jjjilj ^Ljall jA JaJI Up t^'i^oo JJC- aJjala 4_}2 _j=JI oUall 4 11* a 

jLalll liljlaba £3_^a (jll oJjaiall jUVI aLlAJ till jj^aull JL^jV l—lubVl ^Sujoi 
.Isu^uo ia.ll.laJI CjUjSjII JjiaJ ^"Os! A ? ^ * aLi-oSI £}jjJ ^ (j-a J ^"'T'^'* " (j-a 
J Ia j3 jJ .lie- till jUiil (j-saJ^a. (_pal ^)*iuil ^is La ^.nVll <Laj£^JI AjjlLall j 
j£l ^i-la-all (J jli-all jl Jl 1 jlaj 44jK.all <±yjaall Cjlka^all illLJ jj jLuc-VL 
.^j^jj ^jlijj (jl jl JJ^J j' a.2j2kj«a ^JJSJ j£-aJj . j3 jLa ji-^a-a 

jLsjlb j^ijall 44_Luiilall liLa ^IVI jl jlal g-A j^Llj jll <ll jV tlLLafr lilLlA j 

.^Jjoijj !Aj/ ( _ 5 juj£jl1I ^ . fill j tJjiaJI ibailSlj i sli alt 

<LluiLail (jjj^i J-iLu ^LaA^al <Lunl jJ (Jl jj (jl 4 la £all ^cjjjjll JlfLiS/ O^-aJ 
Jj jll j*£ OjoiSIj jl aj >y\ A-\\-\ . Al^aLa 4 7. 11* aJ ^LjSlI (_£ jj^jJall j-a j 

. jjlSJL fl.^D^VI ^)JC tilli 4tlLvjjjjll 4j_lj^a 

oLw A la 1 "I _aJ S-laJj s J AjjuiLujVI ^jjiVI (Jjliill £^Laj-al -lj-la>J jfLaJj 
Jc tlltjJ^jflll <Ujlia (JjjJaSj JJ (J^j *SJJ^^ ^Lu-aVI (j^Jj .£jLj ^1-aJ A 
,Ajt\jA\ ja& ejjiu^all 4-aiajSll ^LuAla AaLaxll aOA jj£j V 111 4£tjjjjll a}±ia 

^Cjjjjll Al\ jj O^liS J 4 4jtij^a CjUjluiAJ lAJj2v j jlS jj 4 tllljj^)j£ll j^kljoj 

j^ojjjJI t_ijU> ^1 Jl jj (1jIjjjj£1I jji jl I jlaj tdlj j t4ji_u^a La^-a 

J (jlall ^1] jCO; j^l lilliA 4j] La^ .AaljLull 4j j-aaJI Ojjj Jljlbj 

Uj^^ia j . ^iTsj ,^111 j A^JLall l_SjjL<all oLlA ^ jUi> jAj ^jj jjS/I JjlLull 

.lillil ai*-a jia. j^aj (J^ajVI tllLal Oiioil 

U^ajj^aivj 40 jji 1 .-ill 4lal*ll 4j3 jaJI oLj-all 4-aiajl j-a JJJ^ <_£ jjao 
djUl^al jfljJJ V j .10 |J/1 t> jaijj jj^ljj ^jic. s^lall CjLjV jll 
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j_^aU^xLal /jljial 4_aJbtA 4 <\h'll c_u£jj] 4jlLa j * <-i a ^1 i^tajj^llj Clljlill 
— SI (j ajiaJ ^gjj AaLJI dwij Jal tAjlu^aj Jaiuiu jj| j£ t bJa jol jl t'aibua 
J^bj Cj|*LfcJ *L^1 EPA ca^A aUaJL j^l <Jij| j^jjU MCL 
nn j .jjjIxaL ^IjjIVI Jc aj-lill j3 jal Luj lili jj » j;« ■ ^ 4-aiajVl ^IjiJI 
SjiUI jao JLJi&U ^jjll C^LftJ Jc AibL^J CjLV jll EPA 

CjULuLJ 4*6jjbuJI tllUV jll CLta-ia ^il .a-lUaJI Jjjjjll JJ^-*-«J 

(_JSj ^^oll A flh'i^U 4jaLjaj dll _aiuj 9 a-lal ^Iajoi dlljjS ^ LaxJ (_^lj £^PjJ>^ 

jUjI ^>kj]| o«j EPA jl US .^IjalVlj U^u ^juj t(j^iui 3300 Cf- 

lilljj t (j >* 10000 ^>^ij <Ulajl <_UI jA t'a jji . ^ill A rth'iVl jAjJa dAjjlij 
jL»-a 4_nlj J 0 "*J"^ Ia^Ijjoi (j£aa AaJUa <<ajaj| ^Lajaill 

.10 M/l £M MCL 

jUVl JU-a '30 M/l MCL jUa-a Jlaf £££ ^jjjjll c^aVl 

C.ljj| J jUjcVU CLlikl Jll (jLaVl <_)UI jA j 44j2 Jl J^l\ JaI jC ^^a^xJ i£^\ 
jj ^jj jl J^ia^ll jA "Lila lillj Jc- a j!ic. .10 £-U MCL jU«-a ^-^J 
dsli (J ja.f djlj^aLal ajaij^all 4-aJajVI ^ Cjtj jlaill AlaVI LJJjill eLui <Lj j 

t jjj| j3 Jlaoj i— IjUoaII qa tjj^^ji j .l^j ^-laj")/! < ; m > ^»SI j-a AjJaikla MCL ^3 
.Jal jl A^ioi 10000 A rth'iV "^tlall (jLa-all" til jlij diLuij Oj^aul »Al^a. 

^^iiJI taJ la o ell jlij CIjLuSj .IjAaaj ; -» i J jl j& iLijI EPA (j-a L_alia« jj^j ' " 
Aojli-aVI JJjU-<J EPA JU.^1 (^3 ^1 jjoj La-a j 4"A-aUJI A\ , all <JI j" jjSlui 
^-ala-a Jj^. jJ (J 1 " 1 .. 1 "** Jpll Jj L^-^JH *— ' dltSjlaSlL ^LauJI j 

•MCLs Ha <jc jj jJ UUa jaaVI CjI*1aj1I ^Ua 4ia j CJ aiL cjjLUaj 
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S jjlill 3Jljl 24-7 

5 mg/1 t jjlall (j jl^-a l^ia jjL=»jj oLiaj I jj^=o t^ilS ^1 c1iUIa=ji1] (^Juij 

C.ljii.1 lJSI ^l-a J^^»fl (Jjajjj jl jl isjjiall Al\ j\ jjSljA t_lSjJ jl Lai 

<aJU-a]| 4jjaj jl V] ttluL is ^UJUaJI dil U->. a jA 4ia jl jA j»c.jlljj .jjial] 

LjjJa&V I jIaa jiisu ^ KiVm A-jlua LuajS A In ml jj ^jjjjjII 4jjJaa-all 

i^gjjjVI JjLull 4_}1aj«J <£jLuus 4jaJilall Lua jlS/L sjjlall ^ jj u] ^JJ^f 4 ' 
tljjj-a ^limr.j t4_aJlxA :<_Js.Ija ^J^tII jAjJaJJj .I^JSaj jj£l Ljjl JJC- 

(J jla-aJ 4jaiilaJI LuajIVI ■^■1?>J ^JJ ' J_»l^ -5 »l'\jJ"^"'J 'l-^J-^^J 

13 j 12.5 j# ^ jl jlj pH JL>a Ujial£j AJLlall ^ju^j tijasu 4 NaOH j- 

AAlL ■^J^?>J j-a V v^"*<tl jj^j ^ jL (^-iJI J I^A (_^jl£JI J jjl^iII J « 4 j*Ti 

^Jc^U I—jLujuIj Jj^aJjj 4<LJa]| jIajj I ■ Ujoijj £>La £a Jjja <_L>jdC. AijTuno 

.^Up cJL.SU ^Lu^lj tNaOH %1 jU 

4-aJ Ojc. jaj jjlill Al\ j\ jj£ j tpH A^J^J S^jij jjlill <31 jl jjtu 

oLa jjc t^jl^JI Jjj^II JjL-aj U.lU=o 4jLJall On^j ^ .5 UjJ pH 

Onfall JDU. jjlill Jl jj V .t&oiJjSlI u^asj 4*^)«<\ lj pH —II Jj-l*aJ 
aLw jli pH — SI (j-aSLu £-a j .(—SjjL^aJI ^ji AjJaASwall oLiaII ^^A 3 f-^J 'cs^ J^l 
.AjLJall ^jjHuu jl ^Jj l$-llc. 4jaaLi-a]l j 5.5 4-aJ Oic \ ^ Vti . ^iu. Ajiiall 
t4jLa*ll jA 6j£jtaJI 41s.ja]I j-a AaoliJIj (j^aii-La Jjli (_g elsli cLiaU j£-aJj 
4is.Mll l$U^a jy^. A^jlill Jjiflll j^ ^ij^ail fj jjiwall till j oUaII £a ^ j-aj jl 
<SI jj A <\h'll c5j^J • JJ^' L>° <-J_W^° j"' » " « dlli 4^j!LIui IaIoa ^cJJJ 

.JSVl jilLL Lua jlVU s jjlill 
^xui&VIj ^uJj jjII 25-7 

^ 4t_i^iJI aLiAJ Cliljj^aaJI AjsJUxaI IjLiojl Ajjic-VI dilalAC. jj£l jl 



585 



AJI jlj AaJalall c<— ijjill aLlA (jjjl jS AlalLo £a t^liJIj AjjjiJI 

a laJj i in . j» jjOi j jAjuj jjjj j£J! (j^a joj j Lp jLiaJI ( " il i AjjjjfLJI ( " )\ . >i jaa]I 

^•^LaVl (jaJ J' oj jaj t ti^'i Ajnir.f ^jjlill ^uijall j ^.m^rll ^jJaliill i— lULac. 

.Ajj-IxaJI CllljjjVij 44jjjJa*JI dlllijajl j 44jI.1a]I 

. l1iIjj1a]I Ail j] ^j-^-J ^LuiaII f ^Ic. A ^ AjjLic. 4 <\lVil (JjoiLj .Iajxj 

t>^ J '(ujj%- 10 t^j 0.1) 10 j 0.1 Mm u£ <a&UI CjUukJI JUa 
O^jjjj t(l6-5 Mm x 18-8 Mm) IpjlrsJI cjLoa£ j ;ajj£*ll 4_uj-*a]I ciil oj.^ll 

AajLiiJI cIiUIaxJI jUiu .'a jjjflll Ljjn^jll j c(6-4 M m ) (» jJ^Jjjfjjjjajjj^ll 

^ojjjjJU Ijjjij 7 (^jJ] 0.7 Mm Jl^-a ^ ^jIjjj ^Laa ^gi ciiaaj 

U-iUJ ^ jl jjj ^1 djlLjaJI JU*a t><uJajj .(Microfiltration, MF) (5 jj^^l 
.^jaJI jjjii a jjjS cjLS jaj diLijjc. tAjj^A djLjjJac 0.1-0.001 Mm jaj 
0.8-0.008 Mm JU-. ^ l^UJ ^ jl JL ^Loa ^ cj^j ^1 4jjUjJI CjUIa*]! j 
JU-aJI Wn j .(Ultra Filtration, UF) ^jjfLiA Jji ^ijill ^ Ijjjsj 
:U&II ajj.^wII CjL£ ja]Ij t UL» ^X&l <il j) 0.01-0.0001 Mm >^7I 

^uijil JU-all I Cj^j ^1 4jjLiill CjUIaxII JajJojj j .4j11xa1I ^jjVl j 

^ISill 4iL^j c0.008-0.005 Mm Ujjai jA j (Nanofiltratio, NF) ^ jjUll 
.0.007-0.001 Mm (Reverse Osmosis RO) iS >£*l\ 

Al\j\ L-fiJlgj *LJI 4jJUa <J>U. ^ijil CjUaO 35-7 JSoill Qaalj 
jLuJaill 4jjlLs jfLaJ (10" 6 m) Cab jjSoaHj ^ L» Jl ^ jlaJI (jAiLa!! ^ .l1iIjj1a]I 

. J jk Jl jA <i3l 
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4 JJjja JaUujL jj^i joibj (jjLuiil joui jjJI iliULuuj (JjjSxJL 1 j ala AJsjj sJJa^ Cjljjla :35-7 Jiui 

((Water Quality Improvement Center, Yuma, Arizona) :<> 4Sal>«) 
taJtojItj csjj£*ll t ijsVi^ t4jjliaAll 4 7. \U «\1 Ujj s.L3uJ! AaLc all 

.«.Li*]| ^^Jb «.U]| Joioiall JaijJaj ^Li*ll JsUuV Al^UI <?JU-J 

800- Psi j;U ^jljlj laajkia Jla-a ^ ^ > a£*JI ^cjJaliill 'L$ jl Psi 

.A+M\ sUJI Uuj d50 

<jiLall i jaII 4JI jj «.Li*]| <aJla-<i cJjS t Ljj^ll Asjmftll ajJUaJI c-ika 

J&1 RO ■( ijhnll AjjIjs tCjUaill ojoij-a JjjIjC «UF j Mf 4jU=J 

l^^f^La LuLi-oJ^ Lfljiaju^ a'gy t ** 4 \ 1 ♦ ^JjoiLoi RO ^ l t I^WV' 
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L^)& ja. I jLjjcI cJIaJ l^ajiaj »Ljjjl1I <_a^j^a ala-a jj^ (_>*alau]l (jj .Ja jala 
l^jJaSj j^jII Sjlajll ^jic. ^jjj^JI oLia Ax<i£ X&ju .c-LiijU AaJla all (_£ j.ia aJjij 
LJjjj Sjlajll .Xuiu .c-UiaJI t SjjVn "LjViJ 'JS>*1! J.) i oLjVij teLuoxJI 

■iS j %30 ^Jj l-i Jg J ^ c^ill J tAajlill AkliiaJI eUJ J jJj<4 ts lc As j. ii J AaJU-all 
sUaj IjQja XuiiC. ajlc UF j Mf Ajjic-l Juuu .^UailJ Ujj (illj j 4%98 tyll J^»J 
Ajc j^i Luj tiUj j t Aa£I jlall CjUTjIaII All jV j ijAjJ ^jJc Jili2 Aaab 
j1 AaJL Aj3 ja. oUo Aa. jL All jV RO AJaa-» ^jaj .*LSuJI ^Iki Jsuul j ^laJI ob-all 
IgjS Uu talaJI sUaII ClAjjLa Ja UujSj (_£ jaj ^j^j^a a La a jlaj J^JI £>L« 
j»Uaj ^^i 3 *C5^^ l— fl_)j-all aLlA ^^A 3 (j'" ' .Ajliil Jlc ^LsJI (j* (_£ joa-a 

^gi (j3a.J .'"'^ ^^WJ '(_><ajVI ^hVlml j cJaja-all ^3 ^jJaj t jj jl 7. n\\ 

(J uajlaiVI j»Uaj" (j^aoajJ (J J& J ji taaJI 4SjlVl\l oLaJI ALj j Jajl^j .aLajJI jljVI 

(National Polluted Discharge Elemination System, "(IijIaII ^jj^^ull (j? ^aj^ 

•NPDES) 

Jjj2 ^ui jjJIj ^jjSa-^l ^xu* joJl 26-7 

i_llc.Vl ^3 ^-A Ajbic-Vl .(^JJjill ALla allA ^tuV Akuijlall ejjaaJI Cjtj 

aj l^-Ujlfr.) (_S-iaJ Clialc.1 Saa 1 >i Ajjla JaJSj Cliiijj djx^a Aaja-a i_ sLjlt 
Aj^iall oUa ( V )L) 1, ii'il t36-7 (J^olll A > 6^a._JI pjjj jjajIjj) ^^joi^jjJ 

Si jj aIojJjj L« 1 >>\l Ajjla. (Ja.b ^ ^juiljll fAiJ *— <Ja.b 

.l_Sjx<a]l oUa ^gi l^^ia j ASja^sJI t_aLlf^l CLlLl^j (jx a ^sJJ .Ajj^^a 
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Ja J—uj UJ jUaJl ijUuoS dlj ^ L»j t ijLa 4jjtf ^jJoa <Jj3 JJ^ jjJ 4ija»a C-iUJi S j :36-7 <Ji^ 

Hydranautics, a :0— 4 4ial>«) »Lm i»JUu» ika-»j 4jju*»J1 ii U^ai lj ? jjjjjjj^jajjjiJI 

(Nitto Debko Corp. 



1 1 .2 mmj ^laal] 0.8 mm tjunKq; 4i.jLa]l <— aLJVI Aunf-I js j2 

<75 j 15 gal/ft 2 . d jjj l^ja jLjjaJI Ji*-a ^ jl .Sjj£*]| 3Jlc oLaI 
JaiuJall jjSj 473 Psi e jja akol j^al JaiuJa ^^Ij .(3.1-0.6 m 3 /m 2 . h) 
6.9- m 3 /h gpm) 30-11 gpm ^cJil jll s-iLu^l UJ^JJ '30 Psi * 1*21*11 jjc. tir ^»a7l 

si jjll c_l £ya (jn^lro sLvjlj ^jjil jll t-jUuli t Jj^all Jjmir.ll 4a*jJaj .(2.7 
.L-fljj^l oUa ^J) CjLYjLall Uib LjSiJ <_flL3Vljj& JaiuJall AjjU qaj^x AjjSjaJI 

60 30 sec iL«J Sjial iill j j 60 ^J] 15 min J£ ^j-*!' J^ill aUa Sjjj di^j 

sja j$i (JlasJall ^Luuflll .£ja1I Jj i nir.ll jjI jjl ^^Vl AaJ! Lai .35 Psi la* » <a ' " laJ 

.10 j 1 min jaj ^jl jjj *60«lj ^jjjU jti ^a jl 

Ajuir .l i^jj^Jusl] <_3j3 ^-aljallj igjj^joll ^JjjjjII 4-aJajl (jj^JJ (jl (j^^J 
AjjLi. (j-a ^jolSc I ■ il-luljlj Jil.lll ^1 ^ jlaJI (j-a e.Lall ^-UJJJJ ^ajSJ 43 Ji~a L_ fiLill 
^^Jb Cjljjlall ^1 Jjj ^joi£*1I jlnll (^3 j .^ui&VI Jib j^Sj tjljA=JI JJt JaiuJaJI 

Jib U>jli > <jV>ill ^jiljll s^Ajj <a>?*»ll i-iLJ^I A^uic-V ^jUJI ^JajJI 
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I-Uij-uj 4tlA!Tjla]| <J jAa- Sjbjj «.LiiiJI jjc. k» i all jbjy .^^ikWI ^cisuJ 
dsLjajj L-Ujouj ,#.La]l — j^JI A;m*i\ Ufoba Si^*a Ajaii <_£.J Jj^a JjUjjC. IjfLuLa jJjl 
^gic- (j-a LkJUij CllljjlaJI liLflij ^3 Aija^aJI L_iLlVl (J^l-i (j-a Jaj«jJa-a]l c-1 jgJI (j-a 

ftlLj ^jic. JjjaII J;UiJiJI 4la»Lo ^ frlj^ll J l^J i ill li^Uj ."£ja Jjiac. ali-a£ 

jni t\ ' °j°^"'J 4<J.iij]l oLl* (j«a %95 bfcj.}is ^Jjj^sZ AjJjJ^a (_£^i-l 
.la-a #.Lallj eljgJLj J[jj-a JojoiC. ^I'lVim! A yfu t£j-a ( Jj . nr . alao ^Ijjj 

. jaLoixj jj-ai-a ^j^-a ^uijiil Memcor® 37-7 JfLiull (_K>J*J 

t^jJul^l c_la-m l " \\ > >i e\ (j <\ > adJ ^fcL-a-a ^^JaJi-a dlljj «Uiluba 

(jJia jA La£j . j»Uai j tAinir-VI ( 'aj}Vn\ ^jl J .n -j£ ^»Uajj 4^.1 jA CliLkalj j 

dil^a. jll t> jjjS J^c j^lc jU. jl _p. (jc ojUc aAl\\ (jli (lj37-7) J^l 
jliJ! (j-a #.Lall ^JjIijjj Alk^aalall A3 j^a\\ L_aLJVI (j-a L_a_aT^I CAaaI CluLa 

4f.Li»il t_aUl1 Jib ^gij AjlaJI (_>a aLuJl (Jjj jSxxll i—iLu^jVI (-lauoi ^jj 
(_ujjj .'ajjlLaJI sUaII U^j^ <J^b ^gJI Al^aLa ^Ij^JI *!iLa.j 4jajoiljj 

U^afc j (^37-7 J^) 
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<e) 



AiU_c cAx^.j <j jao kAL (!) >»auw j>«U ^jjSj- juui j2 (CMF-S) AaL>c ©Memcor :37-7 <JUi 

Sic ^ I £-a C*l a > AjK j (t-i) . JiWI (jiJili JLijC- <ji Uj i jhn n uljj^jj 

((US Filter/Memcor) kH\j») kiln* jc^jS <ilJ»j j-« i_mu*U j^xi fe) ^ ^U1*j 

<jjliaAll Jj i nitl\ ali-a 4-l-a£ t^IjA — elxa jpi jjfLall Jj^aII JjinVll ( 'aq^j 
(_^<u La jAj t^juil jll jbjIaiV AjjlaJI Ajboull ^Lojl Aia La culll-ia. jll (JjaJtJ 

tJijj-aJI (JjjoiiJI 3ic j . (J^WI ^jLvJI (_j-a (_g a <\\l ^JjIijjII <joujj 4jj^ 

(j^aiijj jl ^jij ^ujjjII j «J i uJj tfll* o AjIaJI (Jkl^ll (jjalill ^Lu^a jj^J 

^jj i^l] j . dll-l^all ^a3 (jx (Jjl&J (^j-^l S- 1 J'"'" (j<\> >i c-LaJI i_J jjaiia 

i flLiit £ jbux ^^Ic- (>a dltoallj ^-LoijS/l JJ^-J djl.la.jll a-icla JUC. c.La]l JLiJ 

aJsujjIjJ e-ifcUll jxuJa c.1 jgJI JLi.j) ^JJ tClll.la.jll <J^.b l blajjll Jjgjaulj .$.Lixll 
^jj ^jlolVI ^J^- ' LpajSlI jl j <u i nl £-aj .AjILjJI t ■ If uill £-a e.lj& <L-aj 

j ja. j^ll Clltlall JjoiC. L-sUVI (J^lj <^Jj 4jLlij Ajs*£ja aLiAJ AjMi^T.ll Ajijull 

tJUj-all slxa — $.lj& <_L>jdC. ^»Lajj ^a j .^LuisJI L_sLlV jLkll ^ \i i »\\ 
.4jjbu sLuu Ig-Ha o-llcj j tlg-i* dltiall j £Cjoi j3I «.Lall <ll jV ^LjjjVL 4jliJI ' 
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.^jjSoaII ^aijall Aj^Ujj £a.l jj J jVI < . ) J mil jA c-Liill (Jjjlj j] 

A jjI J j£ .jl ja ^I.}2UjujIj a^lc- Jj^aJillj ^oajjII <j (_gjjjjJa ^gjl j«j^ll t frjiVnllj 

jl tv qq-sa tiL 1 11 (j^aA^. jl ^ jl^Mill ajj^a .jIjaj 4^.jjaa 4jjl^ 

• jj-^all dujjK jjjA 

j^.La. el.il <La!/Ljj jLuiL ^fL^ill ^Uaj ^jL Ia£ .t iilVnll ^jJJ Ij^" 1 

.^U"li <\ll ^xJajaJI dlX^a jll j tajJ VlMirtll 411^11 a-lcliij tAjballl L_u£ jj j ceLiiJI 
l_Jjjuij]l i-^"'; ajSJ (jl 4jLu-all jjlSJ (jSLojS <A^LaJI jlfli.1 La J£?>J J (jp 

^ 4jjj-oaJI a^jll 4jil jaj (_£ jjILiaII ^Jjijill ^»Uaj Jj el jA Jl^-i] JJC lilli J 
i—lUjudjl Jla yUaill Jjiuiu Liajl ^Lill ^»Uaj .*•! JgJI ClllclaS JJ^J cTAji. 

. JLjIa jjjl jl ^1-^] j*^ ^il jJI 
19 8 -7 Jti* 

ULa (jU.MOl^ 5jV JJ CjjSjIa Ajj-IaI aljJlj JJ^aall jl£ '1997 flc AjUJ 

(jl (J-ajj (_£-^lj tAjaJajoJI ala-all A y II x <i (jjjls dlUliala »l 9Jiluit j-a 4ajj]£JI 

(jaja. jl <-lllfjl (jo t^LalL aall j>J-i2lj (»J% (j- 4 (j ^ «Jj ^ L-ljUaA ^JjIijjII 
jjjIxaILj ^^ij j»liJI bIjaII 4jc jj jlj t4jl£ ajJajjoJI i"i-s"i a jja jll bLia 4-j.J*J A S 1 >n 
c-Lall bjj£c diilS jjj (^gj^. t_s jILa ^uljoll jli cjjjlall I.JA CliaJ j . <La jl * <-»ll 

jji.jA (jA (6-5 NTU <4=oj1j MmIv.I <Uua ^a) t0.3 j 0 2 NTU jJJ 
j .3000 ft S jpJI JaLi jc 60 ft ljac ls^ lS ^ 

^ l^l mi i . jjl j 4-ajlall ^LjJall 4ja^A (_gj #.ljjjl 4A.Luba (jj i >i 4jj^All 4 IS uj <i 
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^Jaui (jl 4iLiaj 4l_L^LaJj 4jLala> ^LowU Jal^-a ££ja1I (jj La£ .ajJ^kjll 

(>>j . ^jSjuII jj^jj) C . ? diUlklaj frLLVI SjjKl! ^ <Gc.UaLJ JJ IjJaj 

(_^aj*l lillij 6 l&jaii ajjil t_£jj£Lua ^JjJujj dll jjua jl ■» L ^ ^jii 

A fUaill jl£ Ji3 .4a.j=>JI SjjUI oUall jgJil J ^jjSjaSI ^jJijjll Ajlcli 

-AJajl! Lai .^^jjuiajC. U-lLuuj!) Jajjjl Jj £jLiJI (j* jLuia "-jLjjoul ^IiVuhIj La-jJjjj 
.^LaJL IjJ^ys ^.hur.j jLvll Jj Jajjjl jpi jLud-a ^1 ikj > nLl 1-sjnijp jl£a B 

JU>a1I J CliliiJpJ ic. jjc. c^jjI jll eLus Ajc. jj Aac^iUalaiVI AjujIjjjI ^-"^J & 
JJC. Saa * >>ll j tejj£aJI ^>JC. j l ^ jjJj j jjuoi jOJJ (_^a jJJj LojLvaJ dsLjjjfl] £ jaJI 
AJI jj ^cjljj jj .1 ailali]! jjl jjj Jlj^)a3I (Jjjoixll ^LjjIS (Jj* uoll i— j^>"mj tfiLuutjl 

3.8 j A ^Uiill 3.3 CjiL 10 log —1 <jAJ ^jS ^j] 10-2 Mm JU-a J CjU^JI 
0.5 j0.03 NTU (jjj c jljj J f l jJ Jc. S jjU! L£ <B f Uiill 

j£l .sjlia-a alia £--^J 4.1C. jj (—U^puJI Jj^.j jpi Cluja jij] . jo«Uaj]l 

t_sU^| ( bJajG J S^US Jl^l A j>Uai3l ^ ijjJi ftljA ~ oLu Jj.nr. 

^JjaJI J;ija»iJI ^lajj jl£ JaJ .*.LiiJI jjc In^r , aj| JajjJa ^ sc.la^ JJ^I jl£ La^ 

j c^l jail tir k. B j A jo^Uaj]! ^a %40 j %8 ^auijAll «.Lall 

Clll jljacVi A yf\'ij .j» JJ 22 J ^»JJ 2.4 ojja (_s^*j Jjt ' ajJajuIt (Ja3«-a (jc 

.A f Lkill jLui.! *^ 
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(J^«-a : ^gJlSil (jJoLoiVl ^^ic cJ^iu ^ jj^ 4 j^j^ ^a^- 4 ^j"* ^ J»j 
A-^WU cIjV^ bbu&l cdlij 125 l/m 2 .h ^hr-Vl 
j CjIjLL! 8 -J t(2.8 mgd) 11000 m 3 /d sj^a ^ jj ljLuJ j 
*IL '(116000 ft 2 ) 10800 m 2 Uj^a a^L^I s^j 90 jLL) JS 

(7 mgd) 26000 m 3 /d jjLJI l-iIu^I tJuiill £jU ^1 j jlU 

,iJLi 4 100 l/m 2 .h L-Lujy\ V^l jLj=J J^- £Lj c^U^J ^ J U ^ J J 1 ^) 
.(0.80 mgd) 3000 m 3 /d ^^c^\ j3 jA\ JauAI! 

• jSjJ^.)n\\ ^Jjjjail AjSJUius 4^JIxa£ cs-^-^ ( i^ajoll (JjjI^c. ^L^a-a S-i^JJ 

(National pollutant Discharge Elimination System, "<— ijLall ^jjjj^ull 

Ajj^a cLua (J <=JU-« jjJ NPDES) 
^jJajqJI ^^Ic sjJj-a jaj ^jJ-Sjj^JI 1j i a£ JJ.11&) ^UajSJI JxuJtJI .iaj ^.u'iiO^U 
4 -> ui^aII oLiaII ajjH jjJJ .AjA > ^>ll jjjla^all ^ 4^.^)ia <_Jj3 jnn-slL 
liv^i ellil ^fl l$J JjH Jl jjj C(jia jVl (Jjlous t5 l& (jjj^J dlljlji' (Jj ^ j U '.' i jl 
^c-al JJ ^1 iVlmlj J j^aJI .iaul Ajaj^a JjaJjjll (J^l^a ^»Uaj ^ 

^-uisJl gJalull 27-7 

oLiaSI Ufla a frLiiJI JJC. Ujjj-a jA oLaSI AjUuilL jj^Jj c^JIa 

^jjoiSII JJJ^ J^i ^.in^T.ll ^ > 'A n\\ La! .p.Lua*]l ^a j^-VI i— S^>Ul j^ic ^aJLall 

Caao j .^UJIaII *Ia1I ^fl £^L&I jj^JJ s^Ljjj Ulujla <j|jull 4jL*=JI jaII Jj-^ail 
^LiiJI jjc ^alai j^all oLuij AjaJLall eLudl yli RO <\r. Jlc. La« i >i 
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^jJaljj k» > >i ^Lu .^lall Cllljjjl JJ^H ' . '">^ ^ ?> .)"'"' 4jl^a]l <uLtf»ll .ll^a-all 

jjSjj <_5 jja^a Cjl j k=JLA\ eL>J j1 J] I jkj j tLujSj 350 Psi ^ J*. J=^\ aL>a 



t(j;Vi«ll VtW > jjS c ^ic 4jaUJj aj_&j^aJ oUaJI JLuil J'Oa-a .Xaiuj .800-350 Psi 
.A^jUJI sLuJIj 4jaJLaJI aLus JJ^ijJ <j£ <— <_ 5 lc- J t«.Uiiil (j^ajL-^xi. j 




^yuiiUl j^aliUJ (jljiLa Sj^j :38-7 <Ji>i 
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JfLiuol t (jij JJ ■ ijfA a SI .iaJ ^ JJ A°L^st\ A^aL jjjuLJall u /'^ a ^ 
(_J jfjlj Aja. jiLttll AiLaJI Jj^ajj .Aliiiiall oLiaU AxaLsJI b^IaI! j <\ t aJJ L-SjJoa 
J^C <_aL .'-Iw-J I^Iasjj 4jt-aLaJI ajLoll jA Aiililall bLaH (JjaLaU H—jala ^gj£jA 
tt-jlojouVlj ^aJLall oUaSJ ^.rtinj Igiaj jLLiu ^c.Lj elLJ £-<s ^jjUoaSI a^A (jx 

. JjiLa t t\ k\ a j£ un\ 

A-aic-VI i_SJjUaA jjj dllc.1 jail JJC. o^a. jll 4jl$j AsJIaII oLiaII 

oLiaII jA liljaull Jc. sUaII jjao Jlc. JaijJa cliaj j . jLLiull ^cLull UjSj jll 
AjaLoia lIiIxaLs. 4JojJ jj (Jail t^.jnir.VI joe. jAj ^c-UaII dslc-lja J 4jsJIa1I 
aAc aUJI ^Jaj ca^ajll j£jA J .(-jaloll SJjiVl JJ Aiiliiall bIiaII t4 kja> * 
.'a-ia. jll ^ ja-a Ajlgj ak- ^c-LiaII dilc-l j3 jA jIaSI 

LiuJa AjjU. jc. 'ajLc. c39-7 L&^H J AsuJa jaII Aija-all ujlalVI aJla. j jj 
IgJ A-ajj J IglLajj LgJUJjJ j»J Ajjj^iaII Aoiilll Aunr-VI jA Ij^ IaSc. <_£ jau 
^jLaJI Jaill ^Lu .*6^ jll a.1 j^aII Ajl^ill .lie. l^UaS dilaal U ^-Sja. JfLi 
^kli U Ja3 U 4 100 (^11 85 Mm jpu -ki*. JfrlaA 1^1 Jll j il&j^A t-iUlbll 
aigJ jLaJ tUjlAaJ 4_njoull 4£LuJ j J^all UjJaS c-i^j .100 |Jm £-1^ 

jc *ui ^jILaIi ^*ii ^imi juii -k^i J c^uvi 

^JUll 0 Ua1I J^S UTjxaII Lilll Jl 2 L r -ti ^JUll 0 Ua1I jA jaall 

<a js. jjc UclaJj i_iLo»jjj i_jaaA ^ jSja AjOxj (_i jil J!>li. jA a^a. jll J] 
JJ sUaSI Ji.i 4 Jlc JaiuJa Ca=Oj ,4jl jku6U ^J^l J%1> J] <-iU&l 
^a^. ^jij .e^jll ^ jia AjI^j ^jc Aa. jaLal! l^jLjl^j jA ^ J^j j 4jj-^> «^ll t-jUlVI 
4t_jUoij| Jp.U Akuil jj iAjljkiiil ^AjlaJI J%ll Jl aijjiall AaJUll aLlAll 

.a^a. jll jLk JJ Jalil 
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Permasp Products, E. I. du Pont de :<> *ial>») y&*A jJaiail i_iUi Sj^j : 39-7 JlA 

(Nemours & Co. 

CjI^j jpi ( ^ . "i^T . l l ^jJaLiill ^ gjgiLai VI |»Uaill (jj^ij 
4jE.j3 ( " )1 q-s \ a j t£cJl*-a]| La Cllljl ja.j c<_Jlc (J jT i Ti Sa« i >i (jj-aljl CllLiuJa-aj 

aLudl (jj^J (jl tgiuilj .oi jfLall <aJLall oLia]I j-a (_^alij ^»Uajj it ala-ujl j t qjh'nN 
j| j-aJI <>> 4_JLk j tAilxAll 4aL-aJI jl jaII <>> RO CjI Ja. j ^JJu ^1 4aJUSI 

[ JS ujj j Aj ujC - V I dljlj ^ial jjjilaJI j ^J^aJI jxs j cAjJajlill S JjouJI (j-aj t4jji ?t>\1 
AAIuiaII A -\ \\ f La yaC j <\ > adJ 40-7 (JfLllI ^jJaj-a jA LaSj .Ig-jS JJJ^3 

^(j^aao) ^Laa.1 AiLjaj 4 (25 Mm LpUja Uajlil Uo^jj j ^LmA LLLai } 

JaLoijL ^uijall (jinn jl (j^-aJ tiajjjflll dll )->^ <\\l • JJ^ (J^*j*j £-iLa AiLjajj 

jli ' . "'"j"'^ .' oLi-a]l ojjoiC "Uljj jl 1 0^*11 oLiaII jgjl J jlij tAjjjja 

pH SI 4-*^ (j ajaaJj jl ,(_£jjaJI _&Aj]| <lalc-V 'JjSS 1 $ JtoJ t Kni'u ^ ilia j_aJ^)£ 
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i jua^d aKI a UJ JUL ^L> ^ ^ J 1 ^jij^ 

4iLwaj ^jj . jjjilallj -Ij-laJI sOjoiSIj ^jjinlK\l C1jLjJj£ JJJ^S (J^J AjJLaJ^I 
• J J '* *^ cP^*^ J^*j ' . '"o"^ LSJ^' Clslkut-a J jl c^jjJjj^all C-iUj^jaV'nfll m£jA 
Jj j1 Jl I Jij tAiililall oL>aJI jl jai^V 4jjjjjJ3 Al^}\ CjUJU-aJI j 
.<L>jL3I sLaII Aiuir.^H jjc. ^>aj jl (jfLaJ (J^iasuIL <_JfLiu ^jill ^jjjjSJI 

Ijjj^aJI J Lajj JJaJI ' <1 ' >»J La£ cjjJj^l \un^l ^lii aJ\ J)V CIiLj^aII aAaJLaU 

4 4.u%c}$\ ^ jl->ui\ LjjJ Ujhn _^aVI < , .pH H JW-J JafJa (j^tj] 

"J\ Al\ji CjlikLaJj ^-.^a^. J jjoJu Cjl-la. jll ( iU'^ .oLaSI <Jii] acL& Jt 

.^jja. jaj j tAjjjJaC j c^-^Lal dlliui jjj t4_ilixA CllL jjV ^£1 jj 




j^lSI jJaLulJ "fyJjJ (»UaiJ uUuul JakLa :40-7 Jiui 

^UJLJ sLaL %30j %10 (JJJ oj jdlall 4^JLall £>La1I 4_ia£ jjLuj 

mg/1 i$J^ °Laj (_J-a*J 4j^.ij^j A A (j^-aJ . (JjV uoll Aij jial Luj lilli j 

La t %75 i-ijUj Jj_p^ LoL^ual J aJ'±A\ A^nW i jJI <> 2000 

ai_oala <aJLa oLa £»a aLuJI (Ja 75 gal Aj^sull oLa jja 100 gal (jl tS^S 

j] .^l^all ajL^II i\ jaII t> 7000 6000 mg/1 Jc g; j**3 25 gal l+uuu 

jl JLJj j.l}gJI JjAaaJI t '^V' JJC- tdl j j (jfLaA ^al Je-I Aj-Sj-S^ja 4jUiU ^jL 
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Si jjiail sUaII 3J Ke\\ ^Xa^U ^JSjjaJI (J j£a all <jl JJC. tJa jajJali SjUj 

JjlaLLa]! ^ £SJ AjfLal ^ ^joi^jtll ^jJaLulb ^aJUoall (jSljJ <Li.J^- ^J%J ' 

20-7 JUu 

£cJl*J ^ i o^r. ^jJaljj <Uaa-a t " v 1j nil .(-Jjj^ill sLjaJ IgJ ^^^s^saII AjISJI <jl.la]l 

aLlA liEilgJjui! <Ua£ ci*-?Jj • l r J J J ^ ^J^J^ LS^j AajIaII Ajajoi jla LoLa 

^cjUaA ^Jl AaJUuaH bLaII JSjj ^ <L^aala L-tuUl CjJa 4 .la. ^gjJ l_JjjiJt 

oLaII dul£ .i_Jjjill oliAJ I jj$AJ CLulia ^1 4-aUJI (JsIjaII Jjj £Aaall g^li 
IOC La J JaaII JaJj CjlalOaio^l 4^JL^> <aJlxAll jj& j ^JLall 4j3 jajl 

Jjjl .iajl j <C^alaJI ^ JJ- 0 ^ J Jjjl-iaJI (_SJJ^ »j»L«Ja]l jJjJaaJ j i—JjjiU Uj^al laJL w\ 
.4^ jIaII aJsuj jla aliAJ CjlajJall jljlal ^^Jc- 4 nnMI ^UaII j <aUJI 

400 ft 1 flg 3 flO (JJ^JJ (Ja <La,jLa]l <UI jV 4-}3_aa. sLja 4jO jj (JjJafll ^tjja ^ajj 
AaKll 4 ll^all ^1 jaSI JJ^JJ ^Ij .<Ul£l JJC- jIja <ja OuLa «-U^jj ^U^iaj jibjjA 

^ j .7.2-6.8 pH -J <Ai cjjl£ j (2700-2600 mg/1 jaJ oLaII ^ ^£11 

(JA jjhq-'t La (_g j'X a Cllljj t jj*iir'l«ti j clj.iaJlj t^^-aJall jA jjJI oLia jj 

Jojujj Cllljl ClAaJujA L? A ^IjalS AjjILaJI 4'ajnifl\l AjsJIxaSI jli tl£oluJI 
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<U4jli] Cila^i jaj jUull a jjaui Cjla.ua. fi (i) .^3.j1a1I <Ua«jjla Aji^a. »U»1 ^ . n S r . ^JaUj <laJUd :41-7 JS*i 
.Sa^Ia]) ik^jla 4j2.$aJI sUJL 4jjiu Ciliu jilIuL«Su» j d&J^ u*"* £>J 4ojUjuS (u,) -u^l cf 3 ! 

iiilila sUa S Ja. j 13 j fjilc laiuis 4jjiu 41iu RO »Jla,j JS (j) . jjlfc.ll! yi £filuu RO Cj| Ja,j o^aa, (j:) 
uiuU! (>«^l '» Jj>-all )jj lil-iaj j! Jj>»1! Jj«*11 ljjjUS iai« jUul! (_») .(iajU »U«) 

jLul 3 j.'^i 4ii (j) .uija- JJaj ^ jjSi uuUI ^ ^^1*9 SJjJaS sU»1I £jlalj iajUll dLuJI J&3J Ji»&U 
tifynjljm jj^li t^wa. ib >-al) jUj JS> ^jjLmjs Cibiiu ( j) .AajUl! sLwll <> Lul> C02 £jil o-Sbw 
3i",ja-ll tiUJSri kjjj RO sJaj g,* fclai- (^) .4*51^ sUaiJ aj^liil GjjjISjjjAj 

^ak AU-.«\\ ^ RO <aJU-a aJjVI CjI^.j3I 41-7 

<ll jV 4jajlil ^juoI J* AjX lilliA .^k ja. J*U. qa A ka J ^J] 

j,..a Ur . ^ac luujjla ^Lj .(0.005 mm) 5 Mm \ ^ ^i-> jjW^! <j-^ lIiUujocJI 
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(cjlL^U) djUjU («_41-7) j^i Uijj .£ 12 4Jjtfl! ^ 

4j3 jaJI aLuJI jjh)rf\Vil liLjJjjflll jnn'. (j* 150 mg/1 4iLjaV ^jlL^a dlli 

t> 10 mg/1 4iUiajj t CaC03 jj^ ^ 5 - 8 P H ^ ^ 

tlll^a. j (JjaasJ 6j_^a (^41-7) <_&^ .CaSCU JfLjJ £UaJ clsljLai jStkaLaiSA 

s^s. j L_kLk j RO t-il^s. j jLau ^Jl (-41-7) ^ j >(^>J^ ^ RO 

J jU Jai^s ^lil Ur..>y\\ AAc A±jJoa ^.jJ tjjlll 4j£\A\ f£aull 

j» jLjiJI ^ jL .48 in. VjLj 8 in. CjI^s. J\ ^> S^j JS jJaS ^Lu .370 psi 

ojj^C tllX 4 RO o-la. jl j .4\=oLll Aiiiilall oLaII tS^.j J£ ^J£ja3I 

oLa t> %50 J SajSja Aiiiila eliA (> %50 ^ jVl <k>J ^1 

jjSLaia ^taJLj ,<sJIa I&Lia %50 J 4-auijA 4iil*la IaLa oja 

oLaJI ^ %25 j sUa t> %75 ^UjUI eUaU £p J^JaM 

t LkJj J=J ^ RO o-la. j tjiU; ujjjL&U Ijjjjj ( 441-7) jgh; .sj jaaaJI 

CjITjIaJI j jjjiall Ail jV sliji <JjLi^ JJ^-aJj Cjl-^jU Jjja 

aLi-aJI RO a^a.j < kl=^. jLi6U AilLlI i_njLjVl .«.Ui*ll £ jluoi ^ <Jji.Sn 

ojLjjaij (j^aJAaall A f\'\ (JSjIij CO2 ^ J 1 . K 1 '".' <aJjlill oLiaSI 

<ja£UtA 4iJa ^a (^IiaII £J^- 'I '^J^ 3 '(j41-7) J^JI JQ^i .AjJaikia pH 

j .LjjSj 7 5.8 t> pH j-Vl c C0 2 jUJ ^1 jA ^ jiJ jlilll 

djIjUJ! caojp ^1 6 LiaJ! AiiVI a^Uaj^I ^IjaS! U>Lji ^(j41-7) JLill 
*8.5 8.2 pH 0 Lia1I jljak-V b jUj 10 mg/1 :l^lo 
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^jjAj 0.2 mg/1 (>> uj^ j£^y S^b jl i ^Ujmi jjjla (j^u^j 

.0.9 mg/1 a j^a jjK C5 iiL a jUjV t*S3 jj ^ j^l^ll t-yjjK j^a j t0.8 mg/1 a j^a 

<540 mg/1 fJ ^Jl£ s t 210 mg/1 ^jlaj 4 mg/l 2700-2600 
^Lsj] ^jjl^jJI oUall j .NaCl t> 1500 mg/1 Ujjaj ^Jij ^.jLj 
tj±i t210 mg/1 ^JLj <jLa]l j| jaII ^ jjSjj cjIj RO <=JU-a 

l_i aLw tdJii c7 mg/1 a jjS ^ja^ll]! qjI j£ jjj « 100-80 mg/1 

4i"j^l 4_flUiVl Jghjl 6.1a. jJI U. jjia UJala (^41-7) LS-^J -39-7 

^glj ojjjL^all J(S SaSj • IfrjJaaJ £-a AjtAsJLa -iajJ^ l^jl^j j^JJ Igiajau oAuo <j-^J 
.(Jijai^U Aj^ijll (3^j^ ia* <m t lit "il __^a.Li.j A^aii^all 4j-^*J J^- 41 ^ 

jaJI aU« M^jla 4JI J) 28"7 

35000 mg/1 U jja (^Uji 4jL^» ^ j*^ 

500 m jill aUal a! jAA a^. jill j^U* £ki -30000 mg/1 NaCl W^a 
t 4iKll 4ja.U .jjKll ^ 200 mg/1 j ajIjUI ajKJI a\\^\\ jJt ^ mg/1 

I jJaj t Jlfr ^^ia l5 J^-a dlt^ Sjal j 4jjl«J eUa "La. jLa 3JI jV LoiSlia jJaSdll Jfi*J 
• lW 1 100 mg/1 if- Jij A^jLill aUal] ji\Sil J^a jdll jlfl liUj (JjS j . JiWI ^SJjll 
AjjLaall AalaaJI j .^^LaVl (>a J^- Jj L ^ t ajiSjH c^La jLkj ^gic. 
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Aluilui l—AllajJ (j^*J jaVI i <_J^.Ija1I JJ*ia ^ij^ J^ 3 ^ LS^ <WjJjll 

.aA^ja 25-15 (^ij ^ic Jx^j ja j . jl=JI 

oIja (Ja^jj .42-7 (J^oll ^ 1 jlnjlrs'i ^jJqja (J^IjaII jj*ja ^jjjoJI jjJa&iJIj 
IgjS ^jj .lljjiuil S,Ja.j ^gi V jl 1 (S jja > JJ ^jj jl j*J 4 Saai J\ jauJI 

jA 4, 1 1 jL i i ^ JJaJj sjjJaII 4 \\ oIjaII £a A jaull aLiA ^ Jaj .ojjjlaJI 

t Ajj <\r- j . ( _ 5 Ic1 tliL^jj 1 g . iu3 jj-s nil ujjc. ^ t in^i ^JJjljl 

^gJb AaJLJ eUall Sjlja. Ajs.jj ^Jj t^l^jLa aJIjaJI oLaII) jJaSil jU^l 

4e.ja.jil ojA .AaJlaJI sIjaII jUuuo l$J jikJ lie r in jj£j '4 

A^jJ ^° LS^j Lr^J^ <-£J^-^ J ^ r ~ yfl ^ ^" AaJIaJI oLiaII ejl ja. ^-^J^ 

AaJlaJI 0 La3I £jL cdlj J*J .P max Jai^Ja Caau T max Lalaj ^Lu^l ajj^ 

aI^jaJI i 'r-> jA jjhq-'J 1-iir . >i dlao l^la t (JaljAll j-° aAjuiLji JJC. Ajbjj^aJj 
t-Li^all £^.1 JJ ^Jj IjJaj j .t&jll ^ j/ 5 2 < ^1 tPl< Pmax U_£i .AhU\ 
(J 1 <aj] AiajA (_]£ ^ jl^-J ^JJ^ l)^-^ (Jj^"lJ ' " 4 '1-^ 1 n<\ll Ajjiall jA l#. ja. jli 
lillj j-a £t-iljj <li.j-a (_J£ 6jjLaill jbkJI Jajjjuj ^-a jjlj^l 

4 (r 2 -k?^ Tu t { Ji ^ r max biia) Ai^j-a ^ s j ^ j Lj* 

Sjlc jjlj S jl J=J ^UjJ ^4 ^1 Ja JJ^JI jl .Ajjl^ill <k jJI J T n J 

sUJI jljjj S^lcl t> Uj> jl .00°Fl AilUI T n ^1 250°F AiJUl r max t> 
ttSllilj .%0.15 J %0.10 (jlc j.nVqj ejjj J£ ^ Atj^ Jaijj ^1 A^JlaJI 

a^lc.^ ^ j! V"^«-a j-aVI '.^Wn tajjalail oUaJI j-a t_j jC. jaJI Jjauall ^llj^la 
sLiaII ^rtjjj cJjjua ^.alxjJal 6.6 ^ jAj clO oj^ AaJLall oUall jljjJ 

mg/1 Jc tjljjJ^I a^lc-j 4ja*J Ixk ^ oj jJJaII AaJLaJI ati-all ^ jjau J3 .<aJLa]l 

.35000 mg/1 Ul jj^a j^j a Ua jA IDLkil ^70000 
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JaJ j*S JJ*1» jj>ui jalaii Ji jc :42-7 Jii 



ojl ja. 4^JJ (JJJ tjjj*^ cUa.j« cJ^ £ jauiaII ajljaJI -^JJ* 

jjc £ jL S J ja. <a.jj j jVl ^UjaII ^Jj SJaJJ AaJU sUall 

^ sjljai] ^lui JISjjI (jc. tig-La jia V Sj'j^ CLlbjSa £tJJJ .lKIjaU ajljaJI 
i ■ Lbaijj 4-JJjoi dll JjSall (jAuiajJ .4jjljaJI (JIiV^UaIIj t ajj£j]| S-^^ 

JaJJjJj .^Vl c/J^jJI ^.j^Aill "^aJI j»l jj ^ jJaSill ^ ASUall liktgU 



aUJl <aJL)u> <ji jjIlaa 29-7 

^jj-u jj j jjn i ^aLj! Clil 3aa J ^Jma j^.^in .^UJUaII ljUIaC. ^1 jj| j oUaII 



UaI ^jJjjjJIj t-JAi i) jail j-a oUaII <aJU-a L-jUIa-a 
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t^LaJI sIjaII jja d Jjjl Ajjjc. ojIa ^Ic jlaj elsLilii AoaJajodl sIjaJLj Clil jj^aall 
(>> J ^a <J jia ^ J- cs^a ^ J?^ JJ ^ -^ja^ CjI jj£ j 

J.li A*JjJa (_5-^ c ' IjIaIcI J£^ (J^miJ oLa^JI t ■ Lj£ JJ (jjlflj tAjjjJaC- jl ja (jj J 
.AsJUaII etjjf ^ AaLjaASI AjjLaj£3I j! jaJI j £>LaJI 

AiLialj iCjLjjill All j)/ Laa^JJ j ililA jlVb IjJJ^ J t^J^ 4jL^I ^ 

' ■ 'J ' " j"'^ t — ^ * ' ^ UJ-^ SjjlSlI j tAajljllj -» m (J^l (j-a iajoila]! (jjJjSJI 

iAlaljk jIja (Ja 2^_>* CS^ 3 ' • ' " (J^J^ o^- 4 ^ ^ t CllU-aLLLaJI j ^ (Ja (jf'.'t^l 

(jj^ t Ajjjjla Clll jJjoiSjjjjA AjajJoJa AjjLlAjS tlllluijJ j iAjjjJafr 4)1^ j| jaj 

ojijxJA AjlasJja ClsljjjC. (Ja dlljjS ^jjja13 ^jjjaSI (JjjuulII oLlo 
j^alja^l j CjljJ=kj]l sLiaS Ullc. ^JSJ . JfrlajJI ^ i^r^Uin ^1 ojlk-a dl Jjjai£ j JJJA j 
j " 1 aJJ j3j .JajuolaJI (jjJjfsJI ^jJJ AsLiaj t jjiall CjIjcLoia j AajoiII (Ja Cllle-j^. AjjIaII 
l—illa lall (JA ojiix-a djlj-aS l '^J'^ ^ >,IJi » Jjll 

t.n.nn j .*UJI aLuJI Aj& jj CjI jjiul Luj AjUI] AjjIjja AjaJsuJ j>LaJI CjUii 
JJ jijl jiuJI J jl-i^l CjI jjS j £JJjJI JiU. ^jsJojJI jUjail aAx!\ ajjiaJI 
(JjJaSl <_bJ jj lillj ^tjjj .l-ji-all ^jJjaIVI \) m£ j J-JJgJ AjjJaJI A j mill (J^aSt Til 
c-Lall ajlji. A^.jj cllljjju JJjJ .Ig-lA sLiaU Ic-jjjl (J^jujIj Iajuijjj IjIjSIujI 
tAaJU-aJI AjjUajSJI tlLilclajjl J*JJ«-a ^ j 4oUaSL till jj^AJjl ^ I-JjU 1->\I jaj 
(Jjaj tCllLUj]! £-a iJ-aUu ^»Uaj ^Laj^aJ «.ljjl ^ ( ■ 17>jj .oLaiJI ^"jj aj-iS j 
lIiLjjIjj jjC 1 ^ t ^i'iI » A \-\\ i djljjij]|j oLaaJl Ajpjj djljjijll 

dA-LaS (j-a Aj^JajoJI oLiaII AaJlx-a (j-a sIa^JI ^\jjJ JJ-^J 

1 jli tAjjujau cjULu ^\ bljloil j .^UJI oUaII (j^ajL^kj AjjUajSJI djliLjaVi 
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j if j±x*f)i\ t_luil j qa 0.44 mg Jjjj ji-N AiLiaUl Aacll^aJI AjuiJI jA mg 

j] .(5-7 aLU-J) 0.26 mg ^jkiJI JSLA\ ti i* J J a luj£ ^Ly 

Ajjlajlinll ojj£*]| jj Igjc. jI*a1I j /fLsJ £>LaM SJJ^ U£ 4 h-^^Lall 

jo^ jia a j 0.5 mg/(NTU) j# a1\JA\ ljj! ydl jjj ^ jl jLj c(NTU) 

4iUJI aLaJI ±\ jA\ jrLuj jJ^Sj ^j ^LUaJI .Vnun j .0.74 jjifj 

lb/mil gal sUaJI ^ AjL^II i^oll 
= 8.34 (0.44 x <^ + 0.74 x S (37-7) 

^Ijjl ( _ s ic. l_Ujujjj1] jjlall jjc. c. jaJI jl^La .laio .Jj^ ^tuijJJ ^Ul! <UI jj ^»JJJ 

(ja Jal JWJI jili sUa 4aL^all Jl jaII <_£ Ji=^ j <2 <^j 1 sIa»J] AjjIaSI 4_Uiull 
j/' - ^"' (jA Jj^aII (JjjuoiJI sLjAJ 4jjuijjaJI oLa^U ^lilll (jj-^'nll a^Ljj (j^AJ .0.05 
• %6 (_gJj %2 4lmn jiUAll — l3j^y^ LS^ '^Jjuoll 

)j jj jJaJL S j^fcll 4Ji jj CjlilLa 

dAj_aJj£ L5_?^ oLiaII 4aJl*A (jA 4aJjlj]l ojjojJtJI <UI jj oLaa. jj 

■1<U*J .sUaII <=JIxa ^Ljjl ^ LpsLjaj ClusJ lij (^J^-l <— ll jii-a dll-icLaiA j ^» jalalVI 
«UI jj AjIaC- (^jic-j ^»LiJI oIoaJI ^ ^jjjixAJ! 'ijjMC Aoa^ ( _ s ic- Mg(OH)2 4ja£ 
%85 <lui CaC0 3 t> La ja& 4j^£a AiUJI AaL^ll _oa11 j t<A,^h^\l ojjouJI 
C.I tdlj tLrUijj Ajij j 4laLk j AiliS j ajSLoui CllXjaill jjSj j .%95 ^j 

ijli <alj V j jUI ^jjJ^iLti. ^jjlaJVI ^UD^jjOaAj jji»aJI IjjqiS jJ-ljA ^^iu Laiu 
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tlllijjAll - till jjfLall Lg^jJaJ jll <Jjjll LaI .A! J^-J *-La1I La£Ja £ jij V J 
• %5 J %2 jJJ £ jIjjj <jLoJI jI jaSI 1$ jja-a til ji ( Jc?>U t-iLu^VI til ja. j) 

(>> «U] t38-7 4LL*a1I t> jaj cAjjIoaj^II jj^>Lj*ll cjbUjI cjljUjcL ikVUj 
LaIu ta jj>n\K\l ti\ijjj£ jj jL 3.6 t_Lajjli tt_aLjaASI jjiaJI (-^jW) d^j 
2.6 ajjoutll 5JI jj qa a\\><-\\\ jI jaII ^cjU t_jjlL t^wil jll 4j1a3«JI <joijLaa3I J 
J t_ul jJill J j^-jj tcJ-oJ^- 0 JJC- JLaj£JI JcLiill jj£ t_ujou lilljj c^jjL /^jjt-J 
.« jj^jxaJI (jA AjjLua (IiIjaS t_b i) jj j c^jLaull JJ^JI 

CaO + Ca(HC0 3 ) 2 = 2CaC0 3 + H 2 0 (38-7) 

Ajjnr> a IaS ojjoixSI <JI jj (JA 4j>jljJI 4iUJI tlAila all 4ja£ JJ^aj U^-aJ 

.23-7 j 19-7 c^UaII r ljiiu.L l^Lo^ 21-7 JUall J 

jjjiiallj Jj.iaJI LjliiLa 

a V aSVl j 4_ijgjll jjc. Aa3 j^- SI oLiaII (Ja 4JI JjaII jjiilaSI j 2 ) la SI jjjoiISI (jj 
<Ua£j Akn y >t t_Ujjjj]l Jc 'ojja tlllj fljJAJA tllLaJjoia. (jc sjLjc AjjUaj^SI 
t_jjjujjj]lj ojjaiC <SI jj jjjj Lruuj <Lla JjjjjtAll JjjA 4JI jj (Ja AjsoLill sIa^JI 
t_jjj-ujj]l tliljl ji. jjc A^jaaII tilul » jl all j liLjjjaJI jjjjjI^I AjjI&I JAJ . (JaI joaH 
.^ii-Lall JjjaSI JjjoiiJI sLja J JgJao j ctlLaujjAll J LfrSLai aj aJJj 
^Ul ja]| Jj^ U lfr sIja 
jIjaSI jj^JJ (Ja (_g a jjj LjOuU ^jjjaIS ^jjaII (Jj 1 iulSI oLia 

jjjaSI JWjI J <a^-m'o\I sLiaII <Lajll <ja^1I j .400 Jj 100 mg/1 ^kj 4j1^1I 

jj3 l»LaJI oLjaSI j 1 1 <-t a j ijj^Jaoll Ajjajj t^oIjAll ^»Uaj JoajJ AjuIj 

4 J J AjsJUaII sUaJI ^ja %3 Jj %2 t > 4iua»j La ^Vmn La ja& j .4jJL*a3I 
SftLaS Jc ^uiijjlLj 4JI jaSI AjI^jII 4al£JI till ala all AojoU jaj*j . tliLaui jaII JjjoJiI 
AjaSIIj .^LiJI sLjaII (j^i'll 1 ^1-^ j t4jaJLxAll ^»Uaj JaAJ j t i ■ n 1 n jail (Ja.1 Jaj JJJaalt 

.4jJL*a1I qa 4j>jLjll <jL^»1I jI jaII (jA %30 Jj lI^j tljjj£ Uj> ja 
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21-7 Jlit 

tdll^.j 9 lAj^S sjj£c dlli LaLi. l&LiA c4j^> )->ui aLlA <aJlxA 4 jaa a jiij 

^ AaL^ll jaII ^.£11 jrllill JaS .30 mg/1 U jJ 4li <c ja. ^l^kluoL lilta j 

(j-a oIasJI L-butaJ .4^JIxa1! oLaII Ja lb/mil gal J Ij^la sIa^JI 

jIjaII 1.0 oj.13 jj^JJ AavL nU c^jj^aII .Sj^aJI (Jj * nir.ll oLiaj UJi n jjll (_paj^. 
%30 <J ^JJ^ tjjjuoij) oUa ^ AaL^all J jaSI ^ 500 mg/1 j sIasJI AaL^JI 
.^^aII ^ CjLjl 3 4alSJI 4jL^all ^1 jA\ Ja 

J .laJ 37-3 <LUaJI ^.iViMiU 
= 8.34 (0.44 x 33 + 0.74 x 9) = 166 lb/mil gal 

= 0.70 x 166 = 166 lb/mil gal 

JjjaII JauulSI oLja ^ 4jL~a]l j| _ja!I 

= 0.30 x 166 = 50 lb/mil gal 



JuLaM i jaII * j*. x 8.34 
(lb/gal) 

116 



1^x8.34 
100 



= 1390 gal/mil gal 



Jo-ill & Ua ^ = = 12000 gal/mil gal 
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22-7 Jli- 

eAAa^l oUaII (_>iajl3 jaao ajjoucll Al\ j\ A^jlill tlilali-all Aa-aS i_ Luia.1 



jA\ L^Ujikl\ eUa j c_xu* Jill (jia ja. ^ ^La-lUll aLa^JI : Jtoll J jAaJL 













Mg(OH) 2 
meq/1 


CaC0 3 
meq/1 












^07 


0.40 


co 2 








2.0 


Ca(HC0 3 ) 2 


0.70 


1.40 


21-7 


0.70 


Mg(HC0 3 ) 2 


0.51 


0.51 


23-7 j 22-7 


0.51 


MgS0 4 


0 


1.25 




1.25 




1.21 


7.56 








0.20- 


0.60- 




( jbjiii) u*a\ jj^ji L^su 


1.01 


6.69 




Mg(OH) 


2 + CaC0 3 = 






= 6.90x 


50+ 29.2 x 


1.01 =mg/l 378 



f U2I (IAslILaI cjUIac jUH 30-7 

t> jfcu>l\ 4_i j=J aluJ j Aja In. nil sLiaII tlfjlj <_il jj j 4jV jll jojl jS ^JiS 
^Jj^all a LuJ| j\i UsjaC-j .EPA (j-a (j^aJjiL lilJjs j c^LaJI 4 ■>. 11 t a dsLlaj 
jlj-all (JjL^aS CliULaC. (jc 4jJajlill oIoaII j t " il mi^aII (j^s ij^)^! (Jjmit.1I alxa (_jLa 

iH 33 al <\"» II Lai .(Jjl^aJI oLj-a AjjCji _jjjl*-a (_g H*Y1 V (j1 aJoj^joi 

A -\ 11 t e, A Saai ^ ^jJI a^iLu l^aii jl 4 la . .-ill ^jL>»a]l ^ l^i^^a aLuJI A^JUua 
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Vsjuioll A-^\\t all dsLdlala] 4_}ijiaus L_S^j^aJI alxa jj£j jl <UaJ^j 4^J^>j^aJI oLw 

jlj-allj AjuiJI clllc^a. jpi jaij <— ll^C- Lui^aS *La laJ mall djljarfuljjll (j^aiij 
frLall LS - ^"^"? tJ^-^ ^* '<-^ aLaa. lillj j-a ^iijj O^&LuLall 4jjLuu£1I 

dsl JJ-aJ Jill j' "^»"' LaS . JJjuiS jjJj^JI l— lull jl (j^q-N Lall (_£ jia-all t ■ IfmJ L^ia 
jiaull ^l 4ia.^aJI 4_iL^all jalL ^aull jpsj 4^j£o c-Lal (jjjjm/ill c_Ui ajpll 

Lwa.li <->-s Ajci^xall CllLjjLjaiJI j>x ^AaLjal J.^VuhI j£-aJ .(JiVvUI ^Luuflll 

Aajflj c4juill £-a jiiiull Clil-lc-Loui jLuc-l nj .^^jjI ci^J <■ fiai Cjlj^S 

j£-aj .4_iaJaja»ll oLi-oJI dll ^-^ * iaLaaJI (_J-a\jtjil t"llj\.nr. (Jj.1*j1 4 " ^J"^ J 

^La*aJ (j^ajaial 1 g \ji du L-jjLul LJajl (Jiau jl ^ jaJI oLudl S^jujC <UI jj dsUaa-al 
4jV ^jjjja-all \) ' J ( ■ '»"J^ OJ-^ <JjJ^JI LST^ - j^J^ 13* • t — 'M-^ aLaa. 

tjal 4aL^a ^Lall s^joiC. <_>^alij] jpi OaJI (jj La£ .c-Lall ^Ijjil aj^S (JJ*J 

.(jjilill jjjAfc j)^> 4j_ajLa <C.Lolluba oLlAJ jj^aaJL jlj-aiaiVI £-a 

^ jJus eLall <=JU-a sLaa. £ jL j <aJl«-a j JaiaJ <*jL2ill CllULaxll jj 
4-ajlill (Jjal^aJI J 4-lia-all <_a JJ^\ UJ^ taJjila JJJJU 4jjLa oLiia .7-7 JjiaJI 
a <\, elsLiliill ^jlaj AaJUua ^ 2ajU/>ti CliLuSllL -^'1 1 Jl J;i-aJ 

4ulaj (J^Jjib isLaaJI 4 j^jiKj^ ellUajIil£j a 7. <\ll Ajj^aJI dllajj-all ^^)JaJ 
<L<aala Cllljl ja. 'ojLij j^-aJ i jjjaalb (3^*^ ^* J •^H i J^ ' 6 - i ^ c ' UJ^ ^ aiaHa 
SijA\ CA*JujA\ i}±utL oU-a Jaia. a Ac .l^la *.La]| ^jj "aLaaJI laiaJ 

aloa i—Ujoijj (j^al _aa.lSj 4j3j-a Jaia. tljljl ji£ ^^g^^J <— llj^aJI — Clllij^aJI 
^ IgJaJU^a] jLjlia-all jUa^jjill JaflS LaA I^jlujijjj aLaaJI ^Jjljua jj .(Jjmir.ll 
. jjjla-all ^ dia.^)ia jl La ^ tdli j 44jj^all 1 a^j^ail aLi-a 4jaJUua 4jaa-a 
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^ill (_3J^>a1I (j-a AjjIIaII oLaaJI LaA tllLlijll (jjjoilJ^)]! (JJJ.1l^iaJI jjj . (J.U iiT. oLlA 

4JjUaJ j LujU. AalUI .il jaII Jj^a] 43jja .Lia. CM ja, £ jkj Sj^aVl 

(jC Ji) (jjlll j sLaaJI ^a^a. Jj^sj] 4_u*jlall AjL^all J ja]| ^caAjj .L_lLuiijVI 

ija.1.1 ojJjJj ^JUj ^j?^ ',11' >n . Jj > sLia ^>jic- 

JUSLoil ^jic. Ijjla JaiaJI jl ja. ^ ) . si] t L_sl£ £ ja. ^LjJjl ^JJ (jl .laUj .4jaa»«]l 
CllLiI ja (jx |_JS (jA AjjIIaJI AjujjIaJI oLaaJI *j. 

_ (Jj^>a3I ^gi ^La-iiVI ^ Ala^a! t<*j\jlall cIsISj^aII (jaj Jjuiir.ll oLia 

jaJjfl (j^ajlill Lai c4aL^a]| yc^\ lilLuiAj (jjjaiaj] jOaJ^iJ Sjlc L_sljJaJj . (ja-Lail 
. l^ajla ^aJ (JAj l^-La sLiaI] JjSI jliV fll <\l\\ t . la i *i jsJJj 40JJjJj 



(j^ajjjj LLua^UI llAj uJj£ Jj- 0 ) 4_*^3^>aa5I Ajj^a-all dlLjjjJaaJI £ajj (jl t<JaJlxA 
^»laJI sLiaSI ^jflxlii] <jjjlaJI ^ul jjllj <J j » >it II l_s!>IjujS/I j '(^ jjJjjjJjoijjjjjSlII 

EPA Jj3 t> ^ J^a j-all CjUJijAll "SijA Jj.»i»JI oUa JJj^J jjj^ j] .<laWI 
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jjjolllj 4j, 1 hl'q'lll dll j jj^iIjaSI ^JjoijjII dll La .n ^»j3J jl Ia£JjI . jJ'.' i JJj jjLjjai 

.4j*JIxaSI CljLiLaC. jjfr ajjJUjl aUal! t_jLoiIj t-UaJ A Jl 4jI.jj <J £3 ja ^1 

ijjjjjllj ^jSJ ^gjll <Jilla!ill djUaa-allj jjoiIjaII ^JxujjII t"ll Laa .n ^» jSJ (jl La£jj\jj 
^ 4joi jIaaSI jjjjjll t_ jJLjjI j& JJ jlij ^Joij j 4 luljSi 4jV jll 4-U jjlill 4j\£ jll jlauoilj 
( _ 5 ic jj^OaSI jjjlall (_SJjujJj . jalal! JJjjjll j& ll£l ■> . aj ialija.VI J t4-La-oII 
(jfr ^tLail gjUoll «. jaJI idjUui^ail OJjaII jj...niJI a La 1$J2 LaJ iSjj^all CjIjUjouVI 

.aLaaJI j)A c-IaII £^ jj C>° ^^jljJI C_Sjj**all bIjaj t&l aa It jj 
(jfL<u fijx<a]l aLaaJ tiluiLajj ^-a^ *LiLoC- (_jaa.jlj Jajuul AJlialL jjajjll (jj 
JJJaII Jj 1 oa.ll j)Aj L-lb » jjll j>A 4jjLja1I bIjaII 4 ^» 11 t « Clllilk-a (J^JJ g - *^ 
tUllaj (j^iLall jlja. J^ 1 4oA? '(43-7 aJIsjIL J^aall jjc. Aalclij i^zJLjdl 

^lill (jljj '^H^ jJaall — (JjaxII 4jbaU (jlj ^LjJjuiIj (_£jjl.ill (JJJaII (JSjuS 

3 ■> 11 t a dil 3aa a CjUlij £-« JaIjuJI ^ Clil jalal! ehl (ji-JJJ .!>La JLuj) ^^J*-"^! 
eUa^l L-jjaijjj .4-a.iaiuAAll 4jjU«u£3I .it jaU j 4aJU all ajS oUaII AjtaJal U_u (sLaI! 
%2 (jJJ l#J3 AjL^all jl jaII ^ jl jjj j t4juilL A\-\ l-i 1 nil oIoaII jiaj j)A ^ajljll 

J^C- jgj oLia 4jsJIxa (jA dllia bjjojxJI <UI jj — JjlVlH jA £tjjA j)W'\; .%6j 

< jja. - ojoa. t-u^ J3 4 %10 %4 cjja. - 4li sLoa. <M11 ^1 _^ 

— ^jAa. jj^)A iJjjoiC. J t%4 Jtja. I Jja. — 4jUJ ^jj^)A (JjjoiC. oLiA t%20 (^j-lj %10 

Alni'ii cAjliilll jjijj JJC l^JI Jj-a jjll ^»JJ (jjll AiUlSJI JafSjj .%8 (^Ja. (J^^J J^?- 
(jA -UI^aII L_ul jj^JI 4 »Jj)-ij cA^uill Aju&j iA \\> ^ill j| jaII ^ |»jJ_)jitA — ^ jjmll^ll 
o^j-uC- AJI jj (jA <ajjlill |» jjuilKll dlli jJjS LIL (_1aI j*Jj t^»liJI c-IaII 

^ j .%25 j %15 jjj l^ja <jLo11 J jJl <ijaij ^ jl jjj] AhUTi j 4js jaJI sUaII 
jjaill la o ^jj!-« ^Jjl- 1 ^ 4 ts^ - ^ ' ^ a diLul jl^jj j^i tdiVlaJl ^Ja*A 
^iaaua ^ j . Jji iiT,ll bUaj CjLlijll aLaa. ^ <_Ui! jjll (J Jc AjLall jl jaII 4jL13 
. t-jjjuo jjII (jj,nVil jjSjII CllljcLaiA ^lOaiujI fjj J ja.VI 
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4-aJla .oil 
4jjji]| 'iU^. jja. 4iL_b] 



4j_^all (jj .(JSlill JJJ"*^ ^oi^>-a )-»» , >i ^ujjjj t^L^H (J^a*J 4jllaVlj 
jjjJ . IgJjijIu 4jjj<a ,_A 

^jjlaj^ (_g <\ll (j-a (JLa*AJ ^LajjJl j '(jljj-ill 4£.jjui (Jl* «4j^/l ai& CllV j^"i,n 
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CjV^la jj AiU. j£ J AaL^JI J jaII J 

ellV jAJa t 1 > >>jl 4_uLiaj£JI Ima l4 \\\ <~A _ia1I (jA iiLaaJI (_£ jia-aj t4j^ijll 

jj » aaJll «4jjj3I AJ^iu £-a jaiall djl.iC.LuiA jl dsl joaJ jjll S^lc ( at * >y"i .Lpl.il Jc 
Laiu r-i Aj Jguuj JJ?-^ isLa^. (j-al JJJj ^c-a^jj .4jL^all il jaJI liJLuvaj 

3 -> ll» J IgcLjaaJ Laj jfLaJ 4 jliuiVI jj^*-« JSLaJ <Jj 

4_kJ jj 4jLall .il jaII Al\ jj jjLffi .£Juall *i ja Jl djL\^LilL IgJaj <> jl 
jli LajACj c jLuuflll (jjjataallj (JjTiTllI t— Sjjial Luj 4(j^aJjC (JL^-a ^)JC U-ull 
. JJajIjJI ^-J^J ; Uaij^a 4£*£31 j AaLall j| jaJI 4_p jjja 

jA *.La]l £^ jil L>°J' iT^ll 4^>J (_s^ c - J^V^J Aaaii^all La i >i ^juj^a (jj 

^gi 4 ;1 > <a3l J jaJI <jA Jlc JJ^JJ Jc J jJuaaJI LjC ja jl£ jj tAjJill oLaa. 
(jji'i^'il iJJaJL Ldlc. ^ ''"» 11 a " PJ^-^VI Ijui^jj-laA djLllaj (JjSj .^juSjaII 

Jja > uljjlu'io AJJJJ Lai LbjutA ^oj^aJI Jojoij t ^jj .^jdjull ^Ic Lpj-iii 

tjjUalaJI j_ajuiVI jLajlL j\ (dil jjLi* <\ll ^Jt\ j3 (jA AjjfLa AIIaLuia 4_ijtu2 Ajjjjujj 
(_3 1 > ii <\M t '«jU"l\l Jj^J .eLasJI J 4jL<aj1 j| jaII (JA>UuLuiI Jc (JaxII JjS lilJj j 
jjjj 4£*SI] ^Iguui Li.jia (jAjJaJ La£ 44uacli]l .jIjaHj ^juijaII gAulj ' . 1">~> (jj-^J 
4_lL^a 4jj£ j^itil Ajuill oLa^. laa 1 (jl L_LmLLo ^Ioaj^ jjjataaj jfLaJj .(jU^ajll 
4jjaUJ 4jui3l aLa^. (jA c^IaII ^_>^ lJS^I J^" 1 ^ ^'J' JaC-l jjJal (j^AJ . A *\ , pi <\"i ^ 
.CjljOAol jJU jjUjoaall jjo jj^I J %50 jj^JI slaa. (jA j %20 %15 

jjjiaUj t (jjaJdll j tf.Lall ^jjJ <]jjLa 4ijia CjljjC.!iUI J jJoil! jj 

4 -si nifl biijp .<A4^La (_>ajl lIijSjj jj tilli j teliLiliill oIasJ l1»3^a1I 
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^gjjL^all (J^jlill aAc\ (j£-aJj . Jj* null <L Ja j tdllajj^ll j c JLJI ^LjJjVI Jla 
Jj a^lLus <g^.j-a ^jJujaII Jj > nr. oLlo tlulS (jj 4a-aLajj cAaJla-all A a Jj 

• Jj' lW 3 ^ uj- 2 6^ ^^jjc^UI 

Igjl jaaJ Aa.jJ J » <*nl AnlrtTi j JJaJI o^joiC <ll jj (j-a Aaillall aLaaJI ^t^Ajj 
4ilj^j jl lajjjl£j Ifrilljj (j^JJ t jja n\L ^jjiaall Oju AaL^JI ojLall ^ %50 

j-^u ^1 (_a=o J £tluJ j! qa ^-JLj .%15 %10 Jj l^iaUiS Jx^il J&1 
' % .Igjjljj Sic ^jJ Jj J*""! J^l aLaaJI (JjaJJ i^Ujoila ajJoS 

LSI jA t aaal (-sliJaJ! Jc jjijj j AjSLui Ail j=o S^lc lillj ^jjj cAjjjII &'m> <ll jj 

Jc- lAjjijj ojjio-all oLiaII i " il l-i". a J LuIjA oLaaJI ( '^"V (j-^Jj • Aajju^LjaJI 
Jc. al ajj£la dllaLjaL ^»Lja3l (j^-aJ . Jiui ^Lu*jjl (Jj3 J«aj djliJa 

^LioJjVt J^ e^l ^.3^ fJ^J •^•^f AjtjJaj] (Jj-aJ 4jLaal _Jfru>\ 4*jJaJ (_£.la 

.t_Ujaijallj J^ 3 ^ * j?*^ ^ jj di" ' U' L>° j*^ J-^ ' J' ( fo">*^lj 

sLa. JLiu V .AjlulSjLa JajLoi j! (jiaJL LjjJj AiUJI Jl jS 

• l-lf?- l^aLaLa LjjJajl La.lj Ajuill sLa^. JJ^-51 

jjill (_Lua j 31-7 

iLj^x^aJI olj-aj c-Lall ^Laa. elj-a ^ jj J e-Slc- *La AaJlm<a]l o^jLill (jj 

L-Lijau ^ L_klljj ( - n-s .44-7 JfLiJI J AauJa ja\\ Aiaj^xall t_ajjLaull Ja-aj 

JSlij tjaj^ius ^JaLaJ A g j LS^-j ^ jl Jajoil JSji "~ " 
AiSlc j^>all j-a Ja.Jj j]| Ajiajll JiaJ .jljj^ll J=>l^ 
JSbll 4iaJ jj AiujjlaJI AlLiaJI jl jA\ Jl jj .Sijlill S jSJI jiifcj ^-SJj=>all jlj^J 

Ajl^jJI jjc- ( Ji ^><\\l ^^.jlaJI (jS-^l s^^J ^-H^ ^)J?^' ^"nl (; l Jj 
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M 



jjij^ai JakLa (lj) ^UuL L^jLjjLa j^Jaj SiO jJaiaJ jliia (I) .jfjJ L^mxa uLjaj i jjU ;44-7 Ji*i 
Alfa Laval Sharpies®, Alfa :<> *Jalj-) Jt>»il tjj^j JiU uLj^ Ajji^l J^a 

(Laval Separation Inc. 
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ja ■ aJJ .AjLsuuijJ! l$jjjj-a ^gJb ^Jjjaall ajuLil <WujJI 4jj<a]l u! 

j)SLaj .(Jalj]l <c.jjoij ci— SJjau]l jljj^ '^■J^J '4-^jJI "» a AjLaSI diV 
Jjla JsuL^i Aiuil jj ^jjj=>all jlia. jaj ^AaaII JjLJI AjUuj ^a^JI 

4a1 ui<i\I JJ*J A^jJI -s SaAi >i jj . l^JJ i ^ jJa Ajl^j -iic- ■JJ?- J-a "li 

Jallll 4£. jjj T^Vn LajJJ c4_ujjla]| cliLajjacJI Jc AjlajJI (jjii J i—SJjaull jljjJ 
t^jjjaull jljj^ 4£-jjoi s^Uj Ak- lilia. 4£*£JI CAajIh SjoiI ^cJJJ .Jaliiia.VI j-«jj 
4_JjJalijll 4£. jjjl (jj^J La-jjfcj <£■ j<\m<i .la. <_S"^ J fljj^^l (JjaC jj-^J La^C- J 
Jla-a Jj Jj-a jj]L Jj* ujjII 4j j ja . j£-aJ (j, ' ^ <J^I J ^-SJ jaull j)JJ 

AiLa. jjj jl JJJ tl^a-jla J>J ^jjll <UL^a3l ,j| jaJI J ^gjjlajll (_£ «1\ £jj j 

t4jL .-i\l .jl jaII j«a isLaaJI jia-a j (Aj-jijll LllV-J*-a (j] .^»l jail 4 iiaj AjjLuj aLaa.j 

3JI jj jjui^'i jfLy .frbVl J jjjj ciiVjaia Uiaji aIajouJI ajjUajSJI cjULiaJail j 

<_iiLlij .4jjjJI Aj-J*J Jj (_S^>^ Cllt Jpa <i jl elll joaJ jjll 4iLjJaL AjL^all .jl jaII 
.l.lj.aa»a liljjjjl Ajj jjlaJI oiijjl (JaO 

j)A i n^ll AaJLtAll ( " )1 l-i". ^ t " )1 <\". jA fr^aJI ^.-^ <-5^ CllliAjJI ^ 'iVim'i 

4ij(j uij (_)<a!jjt5j ^taJi i " ll a", ^ca-JJJ .Ajlitillj aLaaJI dll Ia!La jl > _U i o jjll dlljl ja. 
%5 till j 4j-l*J (j* I jljJC-l <uL^a]l a^LaJI %50 (_5 J^-° iAaL^a 4£*S 4jaala 

ojjai»JI <S1 jj Cjtaa. (>a *.Lall ^ jjl CjliiU]| ^Vim" Ij^A j .<jl^a ojLaS %10 Jj 
^jjxaJVI AjjaiSjjJliA i " ii fl-s (jl (j^ ^E-^lLj .(jjiSlill oJlcV I J.)' ^ > *^"' t^lljj cjj^JIj 
AiLjaj jj-a lull jl Vj <■ JjaJI t-Uill JJ <iLa £ jjS Ljjuij 4j j^joiIU ft ball Ljla ^ jjj V 
Ual LujjLu !>Llljaij b>j^ t4 iL^all JjaI] Ujjj^aJ J^JJ tjjSaJI SJcLuoaI Jj-aoljjl 
JjjuoSjj^jA jpi jj^-a IaI jX a t g > oLa^J j^°J '^J^ 3 ^ jj ^i^^UI AaJla-ail 
j£-aJ LaS t% 15 — %10 Jj AjL^JI jl jaII jia-a J > jiaj jl ^jjlaJVI 
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%50 j£ cAjOiall t> <jL-£x3I jl jA\ Al\j\ Lai .%25 %20 t> U^a 

Ail£ Ciini 1j jli .CjIjoajI jJ j JjiJall i_s jjiil Luj t%95 j 

(jLuj jijLaJI i—ajjj^ull AiljS j 4jL*aII j| jA\ 4jJ J-^JaI AjjU Ajbaull jla (j ja«Vl 

.Cliljj-aal jJI a^lLus 

^xui jj < a^j 32 — 7 

^jlL^all jx <LaiLai j^s ^jj^>a1I I^A (jjSjJ .4jjLuu£1I CjLaaJ! j* «.La]l 

sLa^JI ^cjJa ^Ldl Ig-La j|j-aJ Clll^a^aJI a^A !)LaJ . (jjli-a 

j .<uiLaall dllaui^aJI ^>JC. JJ^JI ^^ic ^Lall Jf?>J La t Jlc Saa > >i i* \-\\ 
jj .otaaJt 3JI jj JaJ j* CjU. jUI Jj^aiu t ki > all j Ajiijll CjljjJ 4jLjj 

fr U !5b 4iL>j <jL^i ^Luj ^ic Sjiia 4 jUaVI j ^ Jl\ cjUuij* 

1 aJAi <aJ j .1.1a. (Jala 4 °U <\ll 4_iL^a]l j* a I jf\-\ a ijjjlj J-^J <j^j ^iL-^j 

; ->7»^»\l ji j^LaJI JaC-Ljallj idulall ja^aJl ji JaC-Ljall La* ^jJu^)a]I JaC.|^jJa 
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Division 4^il>«) <p iiJ* 1 ^ te li hl ^^SjjI — » ^ J jvm'I I j-jjSh litjJaaJl cA 

(Ishigaki Industry Company Limited^ i> ^ o^J^ Ingersoll-Rand, IMPCO 



(_U^jj1 jk jiila (145-7 .a-^-^ »JjAf ^] iaC-Lill (jlij jl 
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ls 1c jLa. <_gjLa (jl*-aJ 'SJ- 1 *^ A^ojujI jj ^^jaII JaLoi jV J 
oLaaJI aJxaa J 4aL^ajj ^juijaII jlLaii 4ilc-j (JAjuiaI! t <jU"i\l £Jaj 1 <— lb j j l-i uj ^ 
(J jV ujjl l ^L_45-7 (JfLlll^ ^jJajJ .^ujjaII jjJ £-a A$Jt£JI I— k-jji ;->"n ^ i OJ j 

U-U «20 min 10 min SaJ (690 kN/m 2 ) 100 Psi a j^a -Li^ ljI jail! 

L_slL] ^juj .ojajajl ^J^a ^ L J^~ J^Ia*!! ^J^- ^U^jjVU £tuiiljll (iUii 
jjjota. (^W* •^■!j j^^J! (j£ ^ I jail J! Jlc. T-rir i >i ( - laJj sLa ^cjJaj t4j^iall 
j! jaII oLa ^ jil <aj3J 30 15 a-i* JaU . ^1^1 li$j 4jutlal! .^auL^iJ! 

o JJ3 ^-a j .4<*£11 L_l jC. jaI! L-sliaJ! ^1 J jj^ jU 4-a£l jlall 4jLo11 

*!jA jbi ^jj! jl! -la jItn j oLaaJlj 4j^»all Jajlxi. j^aJjaj ^»JJ -LUuJajV! 
4.mi ' . ' ^ .' A£a£J! JJJ3>J ^JJj (Ij^JjLajJj! JaC-Ljal! ^jij lilli ^XJ .Ja jj ■ >i <a 
y& ja 4jLaaVI ^jj .jUaaVl sjoij^a CllUjlajJ J ja. <Jaja6ll dllau^jAl! 

Jac-Uial! ^laj jjLai .^^l^aVI lgJ«i ja ^Ic-^! j^J Ifria m ^Ijj! ^ (jrulaJ! 

^LaI! Xcj jla 4aL^all ojIaII 4Jj£ ^» J^aAJ Cluljll ^a*aJ JaC-Uiall ^Ijj jalaJ! 

. jajII 6^a.jl ^jJujaII uia is.la.jj 
jj^J i"n-> <lual! i " l! JJ ^ 4 i ^il ; j L! ja l-iir . ln\\ ^JjJujj jl j^JJ 

dlLaa. JaitjJa jfLaJ .LUa j&S/l JaV! 4aLal! ^ jaII ja ^1*11 Ul jla^a 
j|jA jla^a ^1 t JOajI jjlL jl JJ?Jlj Jjoiaul! aJojoiIjJ ^Ijj-o 4^jjlalV! JJ-^}* 

.CjUa-LulU 1 ^ lajl <aj!1a j^ij ^Ujbj c%40 - %30 jJJ ^ jljlj Ail^i 
f Ui! jjla SUxl! ^ jla 33-7 

j»C.jlL t4jj.lall dxXx^ai |»Jj L_llLa ^ jSJij j! «.La1! A£. jJJa oLaaJl j^AJ 
ojUc tilj'i.'ii^l! ^jU! <ajjia UJ^ <j' 0^-*^ .tillil Ailalall jl^i AjJajla-a ja 
^jjjla i " lau j .4jjal! ^-a jl dj^iljJaal! ^-a Laj 4<lLjll aLaaJ! if" 
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^Jaij ^j^ajJ j Jjij jl 4lJa ,_J^] lilli ^au t|J^.l^all j Clllil jaJI J^LaiUj 

.CjX^aill jljlal 4jcjoi Aaiajll sIa^JI ^I.VViml jjl?JJ ^yi-f^J -^JJ <iuiaJ 

jjj tliXJaall jjj) JjSjII (JOaj^jj 4_uou jUJ i_a=o CliLijx^l ^iiiJj 
<-lll ala o t4jj-lAll dsXJaS l—tltLa] l^jIIaII £jUI jjjl j3 AlaJ . (<fL j]| 

.ejJai. CljUlaj IajLucL oLaII AjJIxa ilil Saa ,n 
( " c^joil j JjUaj t"ilq\^ <\\l jA .1^.1 j Joaj ^.Sj ( - ill q ^ ^» laJL jJ 

j3.1 ^iljA^ (AjjilL ^ Vrir"i AaL^a 4jjai jl jaS 4oLia]I 4^JIxa CIiIIx^a CllUli-a 
Aj^sjj^^jaII Ajjiill jA jl 4 jtjjl-i AiiL > " ua ; Jj-ilii. (j^-aJ . liBi] 4jaijfL<s 

a£& "cAc .U jlu Jill sLasJIj ^a&l ji-^a jl <J3 jaJI oUaSI <a3 ju jj£j 

ji^J t-iiLJI £3ja dll jj^aj ^Winn j cJSj dilii.Lj jA s^jiliA Jj-lliiJI J sLaaJI 

.<aJj j»j (jAj ^ IjaJI 
(_jlLo Jc- Usl 4jL^all AojJu jl 4aia^)ll oIasJI £jjjJ j£3 ^^aJajoJI ^ JaJI IaI 

Jc JJ=JI CjUii JlA fiOiiA CjllaJiwA^ J 4 Jl$j}l CjUAill j3.1 

£jJa jjj AjjjIL oIasJI ^_>* f^i '^J^ _ sLaak AjIaC. ^ j .^UjJaAi. i_l jj 

j^Lall ^U-^' tj^Aj .AJjl^i 4ida£ j sIa^JI dALL. jjj CjliiiaS 

4jjIaJ| j Alaojll AJJJtlll ^jaio JlalLfj iS*=J> Aiiala ^3 CjIjLuII 

1. Recommended Standards for Water Works: Policies for the Review 
and Approval of Plans and Specifications for Public Water 
Supplies: A Report of the Committee of the Great Lakes-Upper 
Mississippi River Board of State Sanitary Engineers. Albany, NY: 
Health Education Service, 2003. 
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2. HDR Engineering, Inc. Handbook of Public Water Systems. 2 n ed. 
New York: Wiley, 2001. 

3. U.S. Environmental Protection Agency, Interim Enhanced Surface 
Water Treatment Rule. Federal Register, 63: 241: 69478 (16 
December 1998). 

4. Guidance Manual for Compliance with the Filtration and 
Disinfection Requirements for Public Water Systems Using 
Surface Water Sources. Notes By David J. Hiltebrand and Linda 
Averell Wancho. Denver, CO: American Water Works 
Association, 1991. 

5. Amendment to paragraph (8) of section 1412(b) [42 U.S.C. 300g- 
l(bfl8)J of the Safe Drinking Water Act, SEC. 107, Ground Water 
Disinfection (1 August 1996). 

6. Proposed Ground Water Rule. Office of Water, EPA 815-F-00- 
003, April 2000 <http://www.epa.gov/safewater/gwr.html> and 
Pact Sheet: Ground Water Rule 
<http://www.epa.gov/safewater/gwr/gwrfs.html>. 

7. HDR Engineering, Inc. Handbook of Public Water Systems. 2 nd ed. 
New York: Wiley, 2001. 

8. Kelley, William A. and Roger A. Olson, "Selecting MF to Satisfy 
Regulations." Journal of the American Water Works Association 
(AWWA): vol. 91, no. 6, 1999, pp. 52-63. 



cUjI <pJtsuA\ oLiaJI <_>a oAc JIjj ^\ dA!Tjla]! (jjj (jjla 1-7 

liUi j t4aa jaJI aUall ^ J jj ^1 liUj j (l6-7 o jaall) sU« AjaJU-a 

jpSI 4 -\ \\ t ^ ojlc. jgjJI aLw A 7. \\ t a ^liaJj I iLJ .jiLula ^ l^al j0=>. jjc. 

jj&ll AiLjab SOu^l Jclii] JjVl 4ijjJ Jjkj 2-7 

jjc. Aaj^xAll dib jjVt jj^jj j^-^ tdljj 1 min Ia jjS AjI* j J*- 3 ' j^j 
tC 0 = 0.7 mg/1 t0 min =/ cJJJ^\ cjliLu jSI ;i±£$J\ 
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C = c3 min = t iC = 0.32 mg/1 <2 = t iC = 0.47 mg/1 dmin = t 
log, Co/ C t ^ ULu f-uijl cC = 0.19 mg/1 t4 min = r 40.26 mg/1 

4-aj3 ^sJ ^ 1 —boiaJ J t ^js 

52 ft <u^jo j 48 ft aJjL 4 10 mgd ^UJU*! ^ 3-7 

^SU (J* -SJJC- cs^' i-jIojouVI 4£.^joij Jaliua.VI <>aj .2 ft <L*C j 

t t30 min < 32 min= ?4jjLall cjlilall jjjIxaj *jal! »1a 

c 1.5 = 1.5 ft/min 

dAjljikJ 4J^Si3l (_pal_»ajj 4£JJjuill ^j-ali ^j- 4 4-7 

j»lLa ja jA la£ £ jjj^aII I^A <jl£ j) -(U-V) JfL^I i—Ujajjall 

44jjLJI cLiUoaII jjjU-4 (^Jc bUicI (t-ajla 15 mgd) 30 mgd — 1 

?L_lluij!jll dAjl^a. j 4 j^SjII (_^al _J^J 44ju^jaJl ( " \\ -y jLall ^•>"»! ^Lu 
; ->7»^» I— Uj 11 JJ (j^a _jaJ (j^ajlill <_].}juaj Jalaja^l j <~luiaj 5-7 

43 h ^j^Vt) 8.0 mgd ^ILu 12500 ft 2 U j^a ^UJa^ 4^L- j 1.0 mgd 

.(640gpd/sqft 

L_UiijJ <c.jjuj Cllilj 4 4jjj-n o (j-ajaj IjIaLluI 6-7 

Jill %s. J> .10°C Sjj^ ^UjJ 0.0014 ft/sec »U! 

<Ujuill a Jal&aJ tj-aj ^Ajj .gpd/sq ft J (J^aJ^i (J^*- 4 dll^a. j 

?^|jSl 10 (3-aC ^jjj p. Lai! ^cJojoi ^ M^J^ <_s^ dllcLuiHj 
15 ft AjJajC j 30 ft Ufria J£ J jla tjLill !>LkLalxi jlSjJ* 7-7 

dil jjal .AjjilL jil^j < . iSc 0.4 mgd '10 ft Lagja c.Lall J^ac-j 

Xz.yA\ Jil£ia>VI t>j «. i.ii^l .60 ft aj^a !L> JjL £>kl! (jajjl! 

jjaall aJlA ^ Ja .JjOjuoII (JjS (_^ajU3l i—ilojouVI J^a-aj tLjlW&U 4jaaVt 

?4jjLall dlLu^lal l jjjIxaj 
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0.5 m <uiajc.j 27 m La$la J tJfLiJI ^LkLom jlij>a 8-7 
.50 m J&1\ JjajGll iu, JjL ^Lj -6000 m 3 /d jj ^3.8 m la$Iac j 

44.1 h 4jJ=>-Vl) .AjoJI c^najlill Jiaua t>j 

.(120 m 3 /m.dj <22 m 3 /m 2 . d 
3800 a j^a ^ 0*^; ^ik (jjj^ (3*0 j jiaa (_u*J 9-7 

3 a j^a JatiSaJ j>jj t0.0024 m/s fij^a ^li Ji** ^1 liHj cm 3 /d 

• h 

oj^a i . iUjuuV (jjjjllxa ^'qW l3J^>^ ft Lall JjaC- j ^>ia3 ^Lu ^£ 10-7 

t>jj 16 m 3 /m 2 . d «ji ^^Lcl (>a4li Jo** ^ UJ 15000 m 3 /d 

?4.0 h e j^a JalftJ 

lilljj t Jj laJ i o a CJjjmjj (jl^^ 1 Jj^ 3 (j-^ ' ■ ^..''"'^ l).)^"' j=J 11-7 

jaa. (j^j qa IjLucI 20 min Uji 4jiaj J^ljaj ^jUJt (jsjoll 



(MgA) j£J 


(min) (>j 


(Mg/1) J£j5 


(min) <>J 


0.78 


120 


0 


0 


0.52 


140 


0.00 


20 


0.25 


160 


0.40 


40 


0.08 


180 


0.75 


60 


0.02 


200 


1.42 


80 


0.00 


220 


1.20 


100 



(j-aj ^a_»-a J^a. ;(<-j7-7) (J^^ ^ jAUaJI ClsjfLaJI <j-aj ^ jjJ ^'iVu 

UjUj <ajujjI j elljfLall (j-aj Jojui jla ( _bqiaJ j tl20 mill Jaliua.VI 

.(96 min = tea <-JjaJ!) .( j£j-a]l ^j-a Jo^jla) 
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a (j^ AjJafi ^jSa. jjc- ijji n jj jjl ji. jjc. t-iUjoul (jajJ 12-7 
jSa. tj-aj (jx Ijbuel AJLib 30j 15 Uj^S Ajiaj Jj^al j3j 



(Mg/1) J^jS 


(min) t>j 


(Mg/1) j^jS 


(min) (>j 


88.0 


135 


0 


0 


78.2 


150 


0 


15 


55.2 


180 


0 


30 


33.5 


210 


3.5 


45 


20.0 


240 


16.5 


60 


12.1 


270 


46.5 


75 


7.5 


300 


72.0 


90 


4.6 


330 


89.0 


105 


2.6 


360 


95.0 


120 



10 _ 7 JS-ill ^a>all lillil 4jLLa (JJJ- 4 ~~ J-^- 4 ^"7 

jLall .bjj-a3l i-ajj AJSJ^ ati* ojjSc aJIJ <AaC ^ c_au*jj1] 

ti JLJI *j=J1 jLSj 4 10 ft <uU ^ *U1! Jxc j 40 ft Jj^ 

diaj 8 ft (3*c ^jic ^jjj ^ill ^lall Ak- 24 ft j eUIl ^l-i.n Aic 12 ft ( s? *-«^ 

(jii .750000 gpd Sjj* ~ y£L* ^ a > ^>'i\l <_iLjuaj| £L .*LaJ! ^Ja^ 

j»a^aJt Cj Jc- bLucI 4j-aj7 4jjU1I CjUalaJl J&b-oj ^jSII o^A 
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^ 1 h JiLil^VI t>j '4* 2.1 mm/s (10-7 &jj*-J&* J 
L*a J. 75 gpm/sq ft JcVl J) uLuAM Ji*- o^j <M*- <^ 

y^iusa ^ j^u sj^a 4ji J u 1 -^ ^ m ji^ 1 ^ ] 6**^ j* 

(jc (jjljJJ (jl ^uLui ^jjjjj] t . iLluu VI Inlr^. <\1 (j^-<y ( ffi 15-7 
?l-7 <_&^ (JJO^' kJakJI ^fl ^lis jaII ^-lllail! L-iUjouVI Jaixk-a 
?^}jJuLudl ^Jjlijjll jLaJC-V IgJ ^^jl^ojJ ^^jll c-Lall 4jC_aj (^gJc J Jjal! La 
^^jjaJI (Jjt. ujJ i ■ iUjouVI (Jisua <_j2l^a Aillaj La 16-7 

(jlS lij 9 ft <J^J (J c^L* o^aj 17-7 

?Jaaa 4 ft ^jaJI (jja frUll 

(jLLo LaA La t (j f\\\ (_£.Xa.J ^-SjjJa ^jJu^aJI j] \r . u'n ^^-jj 18-7 

i_Lij — l " n > dI Jajaijll ^Lli ^jJu^)a3 4joUJ^)1I Aj^aJI La 19-7 

JaLoijVI JjllaJJ liLal tijj-a]l (Jj i.htJI .iaj ?Jajuij]l (_£jL^I ^jjaj 4jjlLa 

.(13-7 J\ £± J) jM Jifrl ^ >u cix^ 
(^ t "(ijhviL ^1 t5 iLJ ^LiijVI £-1 jjL <Ajla 20-7 

(jALal j!La ^La j ^j! jA c£lj3 (l_i) 4jJ^a ^La (J auu Lj l&jiLa ^1 jgJI lil^ilL 

. Jj^a ^La (Jai.hitj Ic- jiLa 
4 -s > >i jaII j ^jJu^a t J Ar n<\\\ diljJaiJI t L n 21-1 

.Jj^-a ^La i_L>a3U lc jiLa ^IjA liljS J 1 Vl i nLl 14-7 J^iuill 
iojjjLio <LuLuu£ jlj-a Jjjp uba ^I.^'udI j^siIaJI (j-a jjl^ LaJ 22-7 
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AlilU Jiaull ^Jc jtUjjVI jLuaJ o^jp- <jjLu ^j-^ 23-7 
CjLjUJI .(11-2 S jiill ^ ^UjjVI jluil J& y oal) ^JUII Jj^aJI ^ 
Cj ^aa 6 Aj jl^il Lai t jjjl^a cXia ^gi (jjlx-a tlj jj^-I 5 ^gJj 1 t>° 

iJiLa 4jaJLuaJ IgJ ^^gj^sa^a-a (jJaiaJ La (l) . jJaLa f.La ^ ^ *n )-i Jjla-a 

?6 ^JjLaJI (3i«-a JjiU £ j&jJJ ^1 liLal ?eliAll aOA 

J ajjISII ,x-a (aju^II) ajjUj ^ yiA cjLujj^ J&Lffi 24-7 

jjC Cj| j aL>a ^1 diiijJal |jj ta ^all i-ajj jjail 4jjLwj£]| i ^all 

^Ujlill cl±& c7-7j t6-7 c5-7 cjVjU-»H jLucVL <,m^l .^ujlalL 
Na 2 C03 '"jy-^ taj^l -^Lajj cCaO y^ tmg/1 — L "ajila 

t0.28 mg/1 t0.50 mg/1 4^71) <> 1.0 mg/1 L^Lffi ^1 

.(0.53 mg/1 

La tAjaJajoi aL>a JJjiul 20 Hlg/1 U jl^La 4£.jaj 4juill djiljJal 25-7 
?pH -Jl yi Juull jA La ?l$£>LpJ fJ ^ 3 WjjVill jl^la 

(o-aaLu 1 10 mg/1 

jliLa La (I) .aLi-a jAial 40 mg/1 UjliLa 4li 4£- ja. ClliljJal 26-7 

j^sll CjI Juull U (t_j) ^ mg/1 _j Ajjlil! 

UjjjlLa -Ua. j tl^oi-u^s tljJJC. ^jll CjLijjVI Aa. ?aL>ail 4aj jjVl 

'20 mg/1 (i) ^j^VI) ?*UI pH _J jifc La ( c ) mg/1 _j 
(j^aLu (^-) t (24 mg/1 JjLoj HCCVo- 3 * 13 '19 mg/1 J^Laj S0 4 ~A3jj 
.C0 2 pH — S! yi 

Jc-lioU 4j_yma^a 4ja£ j 30 mg/1 U jl ^La AlA kcjz. i'\ku'A 27-7 

dlljjijll La .AjaJajjJI aLj-all Jjiij ^ Ijjj^all jLaj jj-a Igjua 

?4^Ucl£]| <aJU-aJI aigJ <ajjj all*!] '■&> jjVl 4*nMt tlOaj 
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jj^JI ^1 AiLja] aISJI t> 40 mg/1 ajo& oLw jjj^j '.'^"n 28-7 

2-Lu ^ Ajaunlall Ajjlall (CaC0 3 b 10 mg/1 J^Uj 
^Laikiaj aJjL) i4_p£ eU« ^ IpjlraJI till . ojjS 4JI jl i_ALjj 29-7 

(I) .^j jj jj ^0.10 mg/1 4iU^I Alill <> 15 mg/l<Sjj£*JI 

jl-lLa La ?jnVi\l Jc-Uj A^lfrLobaJI 4 n nMI Ajjlail ^ mg/1 ^lu {£. 
LuLuu^ 4jjui^,ft\l AcjaJI jl^Li U ?Jc.lij]l IjlA jjc. jjVi C0 2 

JjISaj Jc-lilll 1— Ui n"n ?4ju2JI ^ 15 mg/1 £-« lJc-^^ b^j-all jLaj (jx 
CO2 (^IaJ j»S .^jjjj^II Ouji^I ^Ijjj J^'uin (jfU j ^Jjlall ajLoia. 

jjaJI ^jjj (j-a 1 A ^^v?- uj-^ ?(Je-lijll li& 0* 

t jfLaJ t L£ . jjajl AjjJ ^hVlml Lujoi ^jilal VI J jj^all .iLaj ^ L^iaSl 

?*UI t> C0 2 All jj 

dlljjjj^ ^j* 30 mg/1 Uj^a <CjaJ AjaJajai aL>a jjajj 30-7 
j£3 jj-lUaJI CjLujjS (j* lb j»S (t) . JJaJI (> ^J=» J jj-^J^ 

Uj-AlaJJ Lola-all JJaJI (j-a lb ^ (^-l) ?<LaJU-all IgjlWn ^Lall ^ mil gal 

sLa. (jx lb ^ (^r) ?CaO %70 Uji «.laj (jial jial ^ <?JU-aJ! 

r±JUJ\ 0 UJI <> mil gal l& gSS Fe(OH) 3 

^clli ^ill j joaJI ^JJJJ liL^JAaJI JjjjK joj (Jc-Uoll l_u£I 31-7 

U (1) :FeCl 3 t> 40 mg/1 U 4^ ja. JaJ j^a .Fe(OH) 3 e-u* jj 4ia 

f£ ?CaO — J UpC ljl«-a JJaJI t> LuLuuS 4jj>, ii^,JI AiLjaVI ^ 

(I) Juja&l) ?*al*JI aLJI t> mil gal l£ ^ ^clli Fe(OH) 3 j-a lb 
.(220 lb/mil gal (^) '20.7 mg/1 CaO 



628 



<jalL* 4_La£ j FeSO 4 .7H 2 0 i> 35 mg/1 U cjiu^f 32-7 

■AjiOJiiall ^ ellljjijJI La . jjiiull c.Lul JJ^Ji (j-a 

1 ^1 pjii djb jjj^ 20.0 mg/1 U 4+& C-iLuJi 33-7 
U cjjl j ^ .7.4 7.2 t> pH ('ijiuiT^ «.Lall t> 0.1 

^jJJI Vij.v. ^ Sic 4akla JsVl iLuUojSM SjUI U 34-7 

?4jjC-^a jjc. aJj^jill 4sium\l ajjl£3l jJUj liLaJ 
<aJLua a^._al dj^. jrnn (j-a 4, \mL i i jiC aL-aJ jjg aJ ^tlLiJ 35-7 

J U_flJA £c CjLaK ^-jJaJJ Jp -^iM ^fl ^JjLai^ CjULjalj 

.AjjLuu^II djlaLjaVI j 0.1a. jll ililiLaC. (jx AaLaC. J£ i_il.iAl 
jJI AiLjal ^-a a^aLlI (1) 
jOAiljjj Ajuj CllliLjaj £»a j^Sjj ( < "^ J ) 

^JS (,) 

^ lua Jojoi ^jjIijj ( A^ 

SjjIS (j) 

^JJjoi (1) L>° 'J^H a V"^ 4_aJLt-a jl<\C. a 36-7 

uj j"^ f-^-j (4)j c^ui jj (3) (2) j-^jj 

4 jjKj cAliiillj cJajiLall (jjjjflll ^^A <aJLuall aj3lj!la]l 4jjIo<uSJI j-ail 

^Jj-^J AjjolLill ^iij-a (^1 ^ .dll JOAjJjjll J CtdijauL>JJJJjlill JUAS. J 

?U.}jc ^LuLuu^ll jaII 4iLjal JLiaL 4aJl» A\ kLa^a 
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aAuuSII ->l jaII Ljjj1=u ^1 ajjLuu^II jA\ cjUa ^ L> 37-7 

CjULc S^US (JOa La t&aJajuall ^LaII AaJLua ?(SOCs) AjC-Lk^l 

W.Virtll jjjj^l ^j^oia AiU^ajj 4(SOCs) <Slj] <^a c^JuiSlS* Jtajl! 

Al\ jV 4ljjla£ Ajjgall J-iiU ^^Ic J jJil! ^ La jll j fjdal! JafJal 

?£SjL jjj sLu t> VOCs SjUJall 4jj>^>t,\I i jaSI 

a-iL jl <A\ > nj\j i ii j jjlall (jA«a. (Ja AjjUoaII 4£. jajl La 38-7 

cjULu p^aaJ ?1.0 mg/1 ^1 0.3 mg/1 <> jjlall jji jjSjj 

J J mg/1 J L_ll jajl jjC. JJ£ 4 2-7 Jj-laJI (JA lilljaulljjJJJjlall 

.lb/mil gal 

(_HaAa. 4iLjaL ^jSj <J^*J A^Joa (Ja 'ojjla Clll jj^aj ( — aiLjj 39-7 

(jA ojjjLa lilljj c-LalLs jjg V'i %30 ^Llj <La.j.}j <-*ljun\jm jjjlall 

lb JoAjill jjj ^ (j-aiill ."U^ala jl JJa ^gjc. £j^aj jaui (JjaJJ 

jjlall jjj jjS J3 . fr Ull t> 2.3 mil gal 1*1*^ *Lul 82 

mg/1 _L frUll UL^\ 
(j- 5.0 kg AjliL ^jj^j^l qjjjla jliLai JjkA j^a^j 40-7 
Jjixa c_lo^I c^LaJI ja 95 kg %98 *taj jo? lsjL>j (jjauaiA 

Jjlall jji (J jia-a ojLj jl AaJIxaII Oj3 sLaJ J jU all lo$j Ajiiull 

m 3 J\ UL±A\ JjkJ! cjU > <4jI ja. <> Jk, .0.85 mg/1 

.AaJU-all eLall Ja 
dlli Aj3 ja. oLuu jjg aj Cjli Aajou 10,000 UjI^xj \c ja-vo 41-7 
^IjJ .0.2 mg/1 a j^a ^niall Jjlall jji jjSi jj <ja ^ gJUfla (Jjja^i 
ajl ja. 4a.j.J ^jJ-^l Jajjjla j t550 mil gal oLaII jj jluoll liljlgioiVI 
iaUaJL ^^JJ ^ill Jjlall ji^JJ jA La c65 °C *l*ll J^a ^Jc «.\ jgJI 
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.^lc i±A f.La3b £Aaull JJ£a>J Sjjls] lb — SU jllxall 
jlc. J^lajl ^ tilliS Ig-Lujj ajtolll ^j^Jjl J^-^ j» JjAj)"* 1 ^ 



S L Jc jjKU ^UJatfl jUil gttSS oal 43-7 



o*^ 10 min <^M' jj^ 1 






0.19 


0.20 


1 


0.36 


0.40 


2 


0.50 


0.60 


3 


0.48 


0.80 


4 


0.20 


1.00 


5 


0.40 


1.20 


6 


0.60 


1.40 


7 


0.80 


1.60 


8 



3 cji. cs a 1 a .17-7 Ji^i-JI w a 1 jj Wl ^1 ii^l b Ku 

fl.2 mg/1 <&j=. jje. jjlSB ^-Ljj^I jA Uj ?LJlk*jV! <Uj 
(j^ 1 gal t>«j^a j^- >« ^tLall jji^ c>° tlil^jjUll J^c- j»S 44-7 
0.6 mg/1 Uj^a ax-j=>. a jD-mm Li jllc. ^£ j %15 S jL ^jjj dujjlS jjja 
(24 gal 1 1.25 lb/gal Vj*Vt) t> 6.0 mil gal cjLii 
jjlSJI %70 c«j lJUJI ciujjKjjLi^ll uba ^ lb »£ 45-7 
uljaJI) ?%1.0 csi Jji^- j|jc.y pUI <> 400 1 J\ l«2aLi) c tU 

(5700 
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.<iiia 4 aj^Ua 400 gpd Ji*AJ 4j3 ja. oUa ^JaJ 46-7 

LjJ -^■v'tti jaJj j^KJU Aj-iili £-a 18 h/d cJ-^*- 0 ^ <ijJa-a (_Lv*J tl <J>«^1I <_T^-^ 

jjKll (j^> 0.50 mg/1 aJjSii AjpVl oj^Kll AaW^ 4jJ jJ ^JJ .4AjJa,a Jji.uG JJC 
gal Lj"l» ui 4jajijJa-a CllUI jiajoil ^j-a (JjLoi JjlS (I) :4_ajJa>all i-_aj^£aj ^J^= J] 
Asuill ja jjj jj^all CllJjjKjJLjA J . jjlSLa "LLuujIjJ -UjLai 100 
<IaJ JJ 200 gal Lia jlja. jjfr <J jaJJ ^HaJI JjKJI ^> %10 

JjlSJI (j-a %70 jJjuJISJI CjJJjKjJjA (jjp ma .4j^^La. A^jJoa 

50 gal AJXjo. ^llall jjKJI t> %15 AfaUJ *Lall ^llall 

(,1urJ .18 h S^al ^jj <iL^all JjKll ^La£ .4jj^U. 4i>..Ja,a 4-k»..il jJ 

Jjjj l$-}3 JjKJI ^J-laj a^ic-l jjSlall 2 ^Ivfyl ^ JJij JSl jS-aJ ^1 *\J$\ J-ifr 
^llaJ ?JjLl ^lial 4j ^gj^i ^il! ^Uiill La -l.ll.iaJ Ajlkj 

.JjU jjK 80 kg UiLj4 *U {> 100000 h M** ^ 47-7 

.mg/1 — j jj^ 1 't 1 '- " ^^ 

JaijJa ^jhn dlUU.^-i AjjLaj AjOiu Jjl£a ^^jaj I JiLal 48-7 

^^A 3 Jj-^JJ 

4jjaLa. ^^.J.^i jjll ^jujjII j <^J^ l_L^a jll (j^aj*ioil 49-7 

^U.^ t> jA La .(20-7 J^i) 4jAaj] 4jJj) ^ ^ijjj^] 

?4jjLuu^1I 4jj»Jj1 Joxaj ^£aa3l tjLaJ <_aj£ ?Jjj}l <^Lj 
t>« 50 mg/1 j^Sc <Jjla. oUaj jjja. (_>UJJ -Li. ^aasu ^jj 50-7 

(I) J! JiU *U! J] jjlSIl j> %1.0 Jjl^ jjKB 

jjl£JI (j-a %70 l£J^J ^jL>JI ClujjKjJU^JI (j jajoba (j^ lb J^c- 

(^) ?%1.0 Jji^- ^I^V ^LaJI 40 gal Jj L^L^j ; C Lla]l 

^1 JilJ *UI (AlalL 1) Jjl^aJI liA AiUjaJ J^ua jA U 

V50 mg/1 j^ji j^jol 
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s.L<u AjL jjc. 950 m 3 JjO^. .kia. jl j^. jjaaaj 51-7 

LpaLjal (CjIajII CjjjjIS jjo^JI jj* kg .70 mg/1 jl jaJI 
%70 (5 j^j ^jUall CjjjjKjjj^JI (j j^uirt jl£ |jj f.Lall (jx 950 m 3 ^1 

(THMS) u^jM jlVl! II >LlJ1 yJ* U 52-7 

j^^a ja U ?t_j^ill aL^a (HAAS) jj^ jJL$JI Cj!>U. ^La^l j 

^ |jj ?^Jl«l]| aLbajl ,J THMS 

HAAS j THMS <> 1^ jjSIjj ^ ^ j$j oLu <^jU-a 

iiVl U^«J ^1 4^L«JI <Ill*l J^VI 10 'fiWJ 1 tJ*-«fl (jLj?> cDLk 

£jJa ?oLudl AaJbua ^ J <\*i * ajj J's uUJ ( j '(jjjjVI jA La 53-7 
JLaalmV jfLaJ .oLuJI <?JLua ,J 4-&aaJI AjjjVI dlVLaJtlaiL <aj13 

? JjHil J LaalJ ^giL jl (jjjjVI 
l^al ^_gjl j jlij ^J-Ua Jajoijj ^jjJujall (j inn liLal 54-7 

?4laJa^l flUall j»ji*J ,J ULaLJ 

^1 jj| j LWV LojLoJI Igjj.in ^1 (j^l jJtfl La 55-7 

La ?«.La]l JJC. jjJJ^I (JjjLI Jaijj 
.(3-7 ajaall ^jl) .C-LalL a! jn^nW lljLj j . ;->t\I a^A j-lL^xa 

tj C AiL-bj ci>^l lUIj»JI La .C . t g5U ^a 56-7 

jjKIL (J^jujVI i1Ajj.;-»t1I £ jj La ?^iasu3l Jia-a ^ ^1 

?kk« i^w&l £j3fl La ? jaJI 
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4jjLa£]1 djUaxAlL 4-<ula 2^ 4-7 Jj^?JI j^j^W 57-7 

J£3 C . t ^ (jft.^i tAjlcli JaVI ^i] Aolcli OjiVt c> JjudLalL 

LLfaV UsjW ^"0.^ t> (1.0 log) %90 JjVvul ^LuUuS Si-* 
.7 o j-ss pH j 10°C S J k 
(3.0 log) %99.9 JJa^l C.t^L. *3-7 Jj^l ^ 58-7 
^Ujj djaj cl.O mg/1 6j^a jjK ^Lia LpjUJ ^^yS t> 
Jj Sj! a^jj s^bjl ^ *7.5 » j^a pHj 10°C ij 
5°C J! *UI s J ^ ^issl ^ Ul£ ?C . t ^ jjn J 20°C 
;i/ 2 _j Ljj^ 4 (134 (mg/1) . min) *jj*Vl) ?C . t J j*$ J 

«.lcj <^jJla Cjlcja. ci^*J t al > Zaj frlaa jLu^l lSJ^ 59-7 

2.0 UjJ jjla 4x-j=>. dliuial .eUa <aj\jua 4 Saa ml eLall 

jjlall jj^ljj (Jj-s > in j (j^lja j i jLk^a (j-a^ U* 4 ci^--^ 0 ^ mg/1 
J j^=Jl £ j^o jA US 10 min 5 min l£ £ j^J i^U"^ 1 <^ 
.Cio UJ JjS (? Jjliu C/Co fjS cC/Co fjfl l_u^I 



.(22 min = Cio ^j^') 



(mg/1) C 


(min) t 


(mg/1) C 


(min) t 


(mg/1) C 


(min) t 


1.53 


55 


0.42 


25 


0 


0 


1.65 


65 


0.70 


30 


0 


5 


1.84 


75 


0.88 


35 


0 


10 


1.82 


85 


1.15 


40 


0 


15 


1.85 


95 


1.28 


45 


0.10 


20 



4j=Jajudll sUall 4^Jla-a jjjlS UjUa. ^1 CjUlLiJ ^-A La 60-7 

(^) i^jjMj Lo jUJI JJaau (I) :_S EPA cf- SWTR 
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^Uaj 4iaJJI oUall b "<n« (jr)j ft tail ojj£& 

4 ui^a IaIj-o ^Jjjjjj C—Ujujjj j jlij dlli <aJl»-a 4 Saa ^ ^JJJ 61-7 

ljL^I ^jA 5°C >Jj^ CI pH j 0.3 NTU jc J£ S ^ 

^ j ^ ^ jA sUall S jjlS duj .3.0 mgd o jja ^cLa Sjjj 

jjaaaall jA la . 22-7 ^ Jjj La£ CLijfLJI j*jl £jjJJ tCjl^i^a 

min c25 (mg/1) . min ^Uj^Vl) f^*, jj oUaII jaJI jjMj l_> jlkall 

.(0.28 mg/1 c90 

jiij Cj}3 4 ^ 1W m <Uaa-a jx ^lu> t_lLluijl (_£.}3 <2mj^>a1I oLaII 62-7 

* ball ftlcj ^ r 10 ^JL . 15°C a jl j^- jAj '7 pH <-aja jjj j-^Sjj 

5 jjou 4000 ft Ailuuol caiAJ Ixk jjc <Ju <22 min ^>jA 

<ij)\U«\\ JjKIl tjr^ 0 '(^ jj^' csr* J ji-A jjS ft/sec 

jjr->Vi\l (JLaAj ^^.jj) t_UjljVI Jai.j ^jJuj-all ftLall ftlc-j ^^a^a (_g.ll 
.(t-luljVl Jai yJ jSiiVI t>j jjKll ^JuLa jyS jj 

Mg++ t3.7 meq/1 = Ca++ :<jjV1 2L»jIj3M dU* j«J^ 63-7 

4.0 = HC03- c0.5 meq/1 = K+ d.O meq/1 = Na+ d.O meq/1 = 
Sxati Jakkx (!) .1.0 meq/1 = CI- d. 2 meq/1 = S04~ cmeq/1 

L-lutaJ j 4 4jjUaj£]l CjL£ja11 Aljal jjS^I t-jtaUj^b <*jla ^Jaj '^IjJ 
jjaJ Sj-C 2111 jy 4jjlkall ^LuUa^l AcjaJ L_ Lma. 1 (i_j) Sj^I 
ojjoiC- .lau SLul^jll sUaI] ^jUj Siacl klaa a ^jujj! (^-) >( _>-a-Ull 

Sjlcj £-a (jiajlall JJaJlj <aJU-alb <UljS/l j-ula*j* j^Sc (—UjoijjJIj 
(j^ajjal c dllj jj jfLu Ajjliill j^s 60% jl (_Hal JjaU t<Uajai jla 

10 ^ jJ jji-all j t30 mg/lj^A a j^IUI S jjuoC 3JI jj 4_lLa*ll J j-iaJ jl 
Cjlj jJj^l %J'\\ a Al\ AjjUaJI AjjUajill jaJl (j) .mg/1 
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(1) .120 mg/1 Ujja ij^c dilj 4jjLP 0 La jrtij)/ aJ: uJ£3l 

t> 37 mg/1 (^) cCaO t> 175 mg/1 t235 mg/1 <6.2 mg/1 

(81 0- CaO mg/1 (^) <Na2C03 
= Ca++ :^Lj L« i_sL> <u£ *j]aj j$j oLa JAxj jgil 64-7 
t5 mg/1 = K+ tl06 mg/1 = Na+ <30 mg/1 = Mg++ <78 meq/1 
= pH <96 mg/1 = jjKl! *283 mg/1 = cJ^j£l\ *126 mg/1 = 
^jjJSM Jlli La tmeq/1 _j "^Lu Jakkx (\) .8.1 

AjKII 4jL^JI J ja13 l$J jaJI J j-iaj £JUj (<-_l) ?cLaJI ja. jaJI 

jl t_±iiaijjJL S^aJI 4JI jLaj <Ja -500 mg/1 c-jjjill a La J ajIjuII 

Ja SJj£«ll 4jL^]| j| jaJI Ail jV 4jjllaAll ^LuLaj^II 4&jaJI <ja JJSj 

?500 mg/1 jjJ La 680 

bAc\ <Jjii (j^ajUll JJaJL 4aJL-a 0*J \ £ n 1 n Jp j»J a La (_£ jjaj 65-7 
jjjl JfLi Jc (jiwUll joaJI CaO <jA 35 mg/1 Jc 4^ui. jallj 4jjj£JI 

10 mg/lj cdsljjjjS jjjl JS-J Jc CaC03 t>» 30 mg/1 « J^^jj-^l 
*kj*l! cjj^j .J^jjOja jjjl J£i J& Mg(OH)2 t> CaC03 
<CaC03 (j^SUll ja=J (24-7 aLLa) 4ajj^ll Si^V JjVI 

.CjLjJjfLu jjJ ^Jl Ajajlall Ajjlall (Ja Uja. (25-7 <LL«-a) till ja. 
%60 JjJ^l J t(>ajla3l JJaJI ^jj^M L_l jILaJI (jj^J^ <jT^ '.'"'^1 

^)aVI (jl (j^ajjSl . elsL) jJ jfLu 4 irji Jj 4jjlgjll sLjaII ^ 4j_alS3l (_ja 

JJC- jliJI (jiaJjaijl AjLoia. ^ill C02 SI <ja %20 aj.^ I , ajlj L-lUaJJ 

.AjjjfUl s^lcl 4ijC. ^ L_ljl$JI JiaaII 
jVl JalaaJI dlli aLa AjlaaJ 4jjj^>jMiall jjaJI <&ja. i_Laia.l 66-7 

.4jjLj]| *-LaJI (juC ^ La .a jUnlKII Ajjlaijl Al\ jj JJC. 
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= K+ t 20 mg/1 = Na+ 4 15 mg/1 = Mg++ t63 meq/1 = Ca++ 
80 = S04— 4 189 mg/1 = HC03- 4 16 mg/1 = C03- 4 10 mg/1 

.10 mg/1 = CI- 4mg/l 

<sA\ju* jiC Jjkall sLw ajtMC Jjjj Jk 67-7 

(j-aj 4^>LaJI oIoaII i ■ iIauuI ^gji^ J^?^ AjaJUua ^^3 ^aj ,4jj^aala 

oLiaIIj ^»LaJI sUaU 'a.XaC.1 I^Itn o f^jl .tiill^l * - iT\W LiajLa. jj-a 

.^uijall j 4— lb n jjll ^ju Ajjlgill 

46 = Na + 424 mg/1 = Mg ++ 46O meq/1 = Ca ++ 4 jU£ 15 mg/1 = C0 2 " 

.35 mg/1 = CI" 496 mg/1 = S0 4 " 4^^ 200 mg/1 = HC0 3 + 'mg/1 

CjIjUjVU 4-<ula j 4meq/l 1L? LuUj IMt^ 68-7 

4 175 mg/1 = fjjjJlSlI a>-o lAiiVI Aa3j=Ji ftUJI djULul Aljal JiflVI 
j» jOjoiIj jJI jji 4 14 mg/1 |»jJJ_aj-ali QjJ 440 mg/1 = ^jjjii-all 0 JjuiC 

=jjK1! Jjj! 429 mg/1 = jjj 4 200 mg/1 = *jj]511 4 14 mg/1 

^JV ^JJJ*-^ 4a jaJI c-boaJ (I) .7.7 = pH 4 14 mg/1 

Al\j\ .iaj AJjl^ill eL-all (JLj SAa&I kla^a 

ia.ilc.lj lo _aila 4 jaaJI (jfVil L 4jsJIjca]Ij (jj"ll"»^>o (_£J L-Uj d jjj bjjoucII 

4i u Ajjl^jJI sLaII ^ji AjjISlI > 9"Vi (j^ajjal Ajaj^jla 

dlLj jj jfU 4jjlijj| AiljV JJ^Ji <c-J^ (.Im-vt (^-i) .CjUjJjSjj 

joau 4 11 r a\ £jjait jjj C— ll-LuijVl %65 (jl Laic- ^li eaiLo 4jsJI*aj ajjaiC 
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JjlaSlI aUJ 69-7 

* 14 mg/1 = j»jj^^> '24 mg/1 = <»jjjii-« '94 mg/1 = 

.24 mg/1 = jjK ;67 mg/1 = ^lij^ ,317 mg/1 = cjb j,J^ 

^plj Jc.lij3j JJaJI (J^ajlaJ ftjjoiC. aJIjV b_>J-all ^-«JJ JJ^J' ^^l^ ' . 

AoLutll JjOaJI jl (>ajjal .aI^jaII 4jjLjj ojlcb o \nVi\ UJj^fi^ -^^^ 

J Ajjlall ^fi J j tlO mg/1 ^ jjjji-^ j 30 mg/1 U j^a S j^l 5JI 

oLaIJj ^»LiJI oLaI! ^Ijj a-laol laJaa o f^jt •'-^J^J-^ <-lJj^J 

^jSlfrSM *UI Sj^ 4 C0 2 45 mg/1 <Na 2 C0 3 80 mg/1 <CaO 240 mg/1 *jja>Vl) 

(40 mg/1 = 30 (Ca) + 10 (Mg) 

4i jj^i jjl sLaU <L^ala A \1 ■> A Aji\)«f,\\ j| jaII CLiLia^ L-Loia,! 70-7 

«40 mg/1 (i-Lu Abigail cUll ^ ^ jjjji-a S jxjic 4-.ua taUU c67-7 <L-bJ 
S t Na2C03 35 mg/1 t CaO 160 mg/1 <100 mg/1 ^JLu a!^\ a2£ S 
.100 mg/1 = 60 (Ca) + 40 (Mg) = 

4ojJal JiaVI CjbUj^l jjc 4ja jaJI oLaII 4jj jj^I ^nkll CjjA 71-7 

0.3 meq/1 = Ca(HC0 3 ) 2 
0.4 meq/1 = Mg(HC0 3 ) 2 
0.8 meq/1 = MgS0 4 
0.2 meq/1 = Na 2 S0 4 
0.6 meq/1 = NaCl 
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.Ajjl^il! oLiaII j ^»UJ sUaU meq/1 — oAac.1 kLa a ajaijl 
a UJ| 0 1a s j^ Ja 4 45 C0 2 mg/1 4 Na 2 C0 3 80 mg/1 <CaO 240 mg/1 

^CJjJjoijjLj oUall 0 iA S jjuoO 4J1 jV Igj cs j^i jj ^1 CjULuJI ^ la ?o.Jjl j 
Jj^aJI (_> <J<J ULa £tl*J <J3 ja> aUa 4jJU-a 4jaa*A 72-7 

(_pa_j^ ^ (JjoLoJ j-«jj '^/'J ' JaAJ ^.jaJluUj t jj'iin<vll j 

£-a lgjt£ jJJ < _JjS\ <U£ uLaJI ^^A La t<ia.V ajjH j 'UIaJ W UnjJj (Uji a JJjl 

? p UiSll I OA 

mg/1 Lu^)2j (_£_»=»>J sLfa jpi jjlfLa JJC. I jjg Vl jji i si ^ <\V'l ^^"u nl 73-7 

jjjxiaj .JJ.JA. JSULa "(j) J^JaJ jl jj.1 Cist jiui (_£-Ja ^^Jc jaiiiaJI j OpaJI j>A 0.6 
oLaII SjjlS S <_jj£jjj sOlJI ^ jSJ jl 4a > al\ ^jiJa ja jjSI .s jAUa 

jA (jj^i^jjoiAJI IfLi tojjlfUlj t..lA\ .£jjjjll ^aUaj JjH (^jAiiA (joAlliJj 

A (_£ja_i liLa ^J-iaj . CllLal j (JjU^IajI ( x_ajHj c-IaJI ( ■ lluij 
ajUc. jjir i <-i £-aaJj] jIj £>Liaj jjgjauU jjjxJAjlj Ai^aJII <UI jj 4j1aC. jj 74-7 
4(jjLaJ jl j^- ^ Jalali.1 1 £ jL ^jJjoiIjjjJI L_jljiaAjJ AiLjajj t4j£jjl£jA 4jJ$J jC- 
iJaj AjIaxjI sOA l? 0 -^ t^JAi^aall CllbL^al ja ^ j .As^ ojjKj cJasuJajL ^Jjjjjj 
j_al V lJaJ jA ^jjjjaJI ^ J j^. _&aJI ^.U.sll JojoijII jfi] t jjliM<\\lj ^cJIxa jjJai.1 
lIsIaIa^JI eliLu^jj ^ni t ■ n*n"n <aJlx»a]l oLiaII (jl jA Ijltc. jj^l|pinrt\l nij .<3 
<&jaJI fijLj ^A 4Js^aJI ^liola Ja 4jjLjj&Vl AjUIojVI djjl£ j .(jjojXallj 
ajjKJI ( ^ s l^. aJo^aII j\ir. uj <\ 4-1^)^ .JLaJI j i n Vi ^aJ l^jl jAjj (^g^'j ^/^..'"-'^ 
jA jlj ^3 (illi jl£ j lOi j£l j cCjUiiajjll 4iLjal £-a ^IjjlLl oUaj] ^jaajI 
alaAj] AjjjuJI 4ac. jjU VLaj^.1 jjSVI i—UuJI (jiab .^JUxaII sUaJI iH 3 ^ ' ^ 
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<Ajj$jJ! 4a3 jaJI aL>aJI (j* jjjiiJ j Jj.iaJI <ll jV AjuLiJI <=JU-aJI 75-7 
4jjLiaj£JI j-all ^uoi (_^a f^yajxl] La t^jjlijallj t4ajlo<u£]l a.*lui^VI j 

^Jo^all ^ 1iL.l1.laJI 1) > n^l j jjjxiall 1 1 > a£l ^Jaaua Jl jj liLa] . Ig.Vl > 

(jjj^«J j£\ a1Ajuo!\ j jiajl ^1 ALU-all ^ La 4-lUaJI J£lj ^ 76-7 

?j£hll j^lll -ll-lail (j^-W ^JojoiJI ^ (^jII j^lk^ull CjULaC ^ La ?^JiajJI 

Uu£ f ft jail t> *L>a jl yA ^IJ J&l! US jl! ^ UuS 77-7 

t^J) f^=^' cs-* (^aL-^jll J ja.^] , <n\\ ojjL±A\ La 78-7 

jjj3jl jj^lfl-iumll jjjLu^j <j-a Aiajlall CllliwJI J jl ikjj I iLal (3-5 ojSall ^J] 
^ajli ( <La.jjiLall Jj^lall La ?<_Jjji]l elo* ^ (^^aL-^a^lL dj jlill 

CLiLuj Jjjall J.)^*"' j^Sc- 4a3 jaJI aLuJl ^j^jaII JUuju I jLaJ 79-7 

oLiaU ^gAJfiall t^-i*- 0 ^jjC ?LpjLaJI i— ll > jjjS ^gifc a.iLuC.1 j* jjSI 4jja-al! 

?La$jjJ (Jjil! jA La .AaSjaJI 
l_Ujljl Jaa. 4 l-i i nl _aJ > i) £-aaj ^ Vq-s j^i 4_}S_aa. aLfa (JijJ 80-7 

<*JLu j <2000 gpm «j~aftl ^Ull ^Jall Js** ^ .4200 ft ^ j 16 in. * jLi 

AjJajc 4jL <4jtfl j-a (— UajoJ oLul! aigj jjg aJill t ttjLa J3 j ,5°C eLall ajl ja. 4-a.jJ 
Jaa. ^T>-a aLuJI ^ (-JjlkJI jjlSM ^iila jiS, La .(3.0 log %99.9) 

.(0.3 mg/1 ;22 min c6 (mg/l) . min 

jjjiiall j Jj^aJI a'lu^V I 4a3 ja. aL>a S^L'n ^ka^ diLjal 81-7 
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t> flO l>j^ ^ <J\jl J] bLuJ j .pH 7.8 A-aJ ^Jjjj clO°C t iu^W 

ho Cyj^ u^J -1-8 min JilU I jjj* <_>«L«jJI u'_P" t^j Jj^' ^iLjal 4iksJ 
^ jjKJi t^i* Jji» .8 min ^aJ! S jji JMa. ^jaSI $.LaJI #.lc j ^ 
^cjij-<JI frLall f.lc j ^ jLkJI Jja-iill ^ j c0.8 mg/1 ^jjjaII (j-a ^ jliJI JjajdJI 
?CjLo, jjjall (3.0 log) <_y^ f£La fjiull lJa .0.4 mg/1 
djLj jj! Sjjuic <JI jV ^ Jijulb s jjuoo 3JI j) cjaLL ja <d <_>ajjal 82-7 
oUaII meq/1 — SL ^Lu SAacI kLa « ajoij! .16-7 JL\a]l <i ^^jaII oLaJI ^ 

?4jj^a a La jjg aAA <LaJU all AoLaC. i . lllfLa ^^A La .<Lulg-jJI 

V cLa AjjJLa] aLuX) jjg Vl\l ajjla jj" ajLwJI <^lc (ilLlsU jA La 83-7 

UJ^ CS^] '^jLus ^gi pLall S^juiC. <UI j\ aj^l £>gAAl (jJ^JI ^JJ^lg"u»«\l OlSJ 

j»UJI ja^aull ^ djljij (j^ajla JJ^Jil L-la-L^xall ^iaiJI La 84-7 

a La (j* till Jjill 3JI jV ■ "' * ^ jjjVI JjLull AjIaC. jl (J^ajjsl 85-7 

<1aj^aJI <joujj1I aKmiJ j^A La .69-7 aJLuaII ^ ojla^ll tSllSl aIjIaa djlL^a Cj|j 

?aJ>A <aJU-aJI 

^jLJI (j-a ( . iLuljl j c^jLJI i_L\.l.ill (_])A I ■ iLuljl (^Lt-a ^J-^aj 86-7 

jlS liU (19-7 JLaII .^jjSaJI ^Jill yi -(^je- ^W" 1 ) lMI 

Jj^a JjjoiC. £-a ^^jjJajC. L_lLaul) <_L\.UI ^-jLaJI (JA L-lLujdjl li A jaUajJI 

jUJI ^1 JiJjJI Ja (-iLu^l -» ^-1; B fUatf ^ XJaLc ^Lallj - pi j^JL 

U.'nLu 4 U ^oll ^-XaVI aJIjV ^Li& jj& fr Ull jjja IjU 87-7 

y L<r. 
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s^a. j jj& (AajUII) Alililall sIiaSI j AjJJuII sLa L_iLuiul A^£ ^-L^> 88-7 

. (j _joi£*JI , ^il nil ^ jit-all ^jULall 

^jJaljjll ^Ljjuic-I CS^ 0, JJ^ <-N i«i (jj-^J (J*""^ 4iLjaj (JjsJ i Lj£ 89-7 
4iU. Aikla ^ 4Iia& jjj oUal Aj& jjll ^^jjL^JI llAjLul! jgJij 90-7 

: jU. ^iLa CjIj 

138 j»jJ^^all jji cl80mg/l ajjjjiLa]! ajxj)C (270 mg/1 ^jjUulliJI ojjoiC 

AaKll AjLall c0.15 mg/1 jiiilall ojjI t0.4 mg/1 ^.laJI jji 4 mg/1 

jji <120 mg/1 AjjISII <8.1 pH <27°C S J jaJ c830 mg/1 *jI2uM 

Cjljij tl.4 mg/1 jjlill jji c344 mg/1 jjKll jji dlO mg/1 ^tLj^l 

.15 mg/1 q^jJu 

<LuLuuflll j| jaSI jj (jjli j tmeq/1 1\j ^jLij o-iacl l-il-i-^ * 

Jlli L .(3-5 <2-5j cl-5 Jjl^) ^ >Sfl aU*l jjjUaIL 

?eU ^ oJja. jaII Ajjlall 

.4alLaaJI j A > ^ill jjjLcaIIj (jW."n La ,_i Ajc-jj J^LIa 

jLajj JJ^JIj a^jaiaJI <UI jL sLaS! A 7. 11 1 i\ CllLu^a jjll j] (i_l) 

4jj-la jjg y'll A \ i >i ja Aac-jj 4 11 1 <\H a^A (Jajj (Ja .AjCjjll (jj 1 n Vil l^ji ^ill 
l ■ lll!La j Ljl_)-a ^_^A La . ^LuAVI <-lllj Ajfcjjll CllV jVm (Ja (Jjp"i« (JS jLu&VL ii. 
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jjjIxaII j^s JfL cLtj^U sLus 4jc jj ^jj^aj AjfLu 4-aJU <\11 I SaJaa a ^Jjal (^) 

.AjJUJ! aLudl ^Lu o^acl klaa^a ^ujjI (.j) 
<JaJajuo aUa Jiij jc. 4ajLi]I a I aaJI ^ Ajiuoll ilAjkjAll 4ja£ jifl 91-7 
j] La ,^3 iSlaaJI ^ja. jA La .40 mg/1 UjJ sjJ^ <L?.J-J 12 <->|j 

~~ SjJ* y-r* 1000 mg/1 JjjaII JjjoixSI aUa j 4oJ jll tllLjlajll aLaa. jjSjJ fJ 

.(22000 gal/mil gal db/mil 180 gal ? jjkia 

CjUjJ t^juJlS "ajjoiC. dlli aL>a jjjsJI AiLjal CujjluU 92-7 

taj^ aUa ^1 CaO t> %78 (^i JJaJI (> 126 mg/1 Ijj jJjuM 

(350 mg/1 cJ j?JI) ? J^Ih CaC0 3 t> mg/1 ^ 

4i jj^, jA\ (J^jUII ja=JL AaJU-a ^ 4ajU1I CjUiill ataa. 4_i-a£ (-u^I 93-7 

duj frLall (>> mil gal AiL=JI Si-ail j* cjl^jL :cj|.iJ jj 69-7 aJLuJI ^ 

%10 £JJJ <jjujjla]l 4_iLall ijJI j£jJ jl (J^Jff gal/mil gal — Jj t lgJaJU^ 

.(gal/mil gal 70 tp/mil gal 5900 ^jj^Vl) 

4i jj^a jaII «.La]l ejjoiC 3JI jj ^ AjsaljJI djLUjll CjLaa. <J-a£ L-Lotvl 94-7 
lUliMj AlklaJI aLaaJI - J Ail, ."ill jl jaII j£jJ jl (j^ljiaLi lilljlj <66-7 aJLaaII 
.jIjaJI JJ^JJ j'j '%8 ^Lu 4jj-£iala AjsJLcaj j_^ajli JJJVJ t*ll jl^r. j-a AaJiljll 

.%12 (jJLy ^jjjuJISJI djL jjjil ajjISjj! <ll jl j^ 4jL^1I 

dlLLaC. aImiImi! 4j3 jaJI oLuJI jxi jjjiiall j Jj^aJI <j«aSliiJ 'a .lie 95-7 
jjjj dsl.ia.jll ja e.iaj jaiajij ^gi .^JjJujjj l_Ujoijjj tAjjU<Ll£ S. 'Imi^ I j tAjjgj 

? jjLuall 4jjJcI Ail jl 
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I j aLuJl lelj33l J^J A^Vl djLjliill CjU^ j> sLa. "J\ 96-7 

?CaC03 ^jj f 1 tAlSfl sL* <Mg(0H)2 + CaC03 

AojouIIj JaiuJall j^aijjl Uj* Cjli <=kj.la]l J jiJI <_> "Jj\ 91-1 

.<Aj~a j^ia] sIa^JI (j* c-Lall ^ jj (j£-aJ (4-1) 

• AajjoU aJj^jojj J j> j J-IAa oLaa. (j-a eLall (j-^J (^) 
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4«.Lo]l 4 \U ^ j <uJajL 4jJaaiLoi-a 4ijaua 4-uLa sLila ojl-ij t . lll-m 

J£ cjijUi.1 j (5 d^>sl\) sUall <jc jj gj <y JI j^l ^ 7j 6 jaL^ill ^Jl ^jl 

j»Uajllj ; -»^ Vill (jlajjous (j lj i i ll > i l l (jUlLia 4jjjaJlj 4ajlaoj£JI (_>*ajL^xiJI (j^s 
j»fLaallj cola-all A <\h'il 4jLu^a j (JjjuIj j i <ol '\C. (Jj^aaJI li& (jialij .Ajjal^a j 

,4jjUJ1 CjUiaJI ojjjj 4<=JUa1I dil aj ^.U, *illl 

jl jjc. cAjjUJI aLilall ^jic. (Hydrant) Jjjl j=>^ ^jLu^a 4j] 

L_Sj^)Ja ^ Igjl (j^a 1^1 "ill (JjjI^pJI AAj3 (jiilaj ^aJJ (jl i^l^ioil (J£ 

•(jW^P - jl l- 4 ^ !_).)*■ uiill 

jjjj <_£jj.ill jjVi nqlll sjJJ j (jjl-ij (j-a (^^IjJ *l£JJ^ ^-^ a-a j 

.^jLjjcIj ^jUi 4jjiuJI 4jLu-all (Jjl^. (jl 4<UjLa]l t llludrtll 

i— Ljj^alj a j^a^a (32-6 C&^l) <— J^JJ — LSjfi'J* ^ 3iJ^ 
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^j Jjjl^pjl j3 ^it j'u tjjliiaollj al-iaJLaiVi Lp^J »■ ^«» ijP^jj 

<Aj3 J j^. AjJjJi ^jjj '-i JUJ *^ ' ■ VJ ' ""li ^° t — *j J ' ■"'"^ £f L "j U' <— ^jJ"^"'N 

. Jj-ajjll ^gi o.Uajj ^IaII liaAJ 
jbjJI — £ ja-all ftllac. jj jA (JjljaJI j3 jjituSJ ^ jVl S jlaaJl <jj 

J£ Jj-iu JU-jj jjc uV 0 ^ ^Lall JjLa '(Outlet-Nozzle) 

.4j3 jaJI oLaII l_i jjoiia 

ia.il.luj (j^AJ cIxSj^a 4j3jaJI oIoaSI i— ijjbttla jjjj . lilJij ^l_iaI1 (_£jj^jJall 

^cjJa JjjI^pJI 4Je j3 al-lklujl jju aJ (j-aj .l^Jji.J UJ"^ Jj^J t— iji r-i^l ,^3 

Jj^jows jac. (J^ia^J ^JU*-^ .jW^ •^>J^- uV"*J^ sj^^jaJI c-IaJI 

^a. ^j 1*jjjoi i-Lj > (Jjaua (jl ( . la>J iQaXijW ^aUu^all (_^lc.ljj .4jja.Sj ^xj 

^ILj £A (jjjjjjll al <\ i sy\\ ^a3 JJC. jL jjJI 4aiaC.I j Ll£>L^a jll (JA (_J^)jaull t_Li£ 

j^JI JI^aLujI jl ^ISiklj Ia^jj j JalijJajVl S aja nil tj^AJ IaS .4j1a 

(jiaa J aja ujj (jj il t(_^ jJj aja iTn\ 4^.LaJI ^^Ic- U*Jj U* J» . nnl l <1 jaL^s ^ La jjg aJ 

^ISaIj Ia^jjj Uj^aja >%*j Ig-Lllajj j jUI jllujl j jjjl jJI AjJaC.) J£ 

.oJL U>cl jjjl jjJ J j^ail 
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,-,1 a! A.^tt 

jl 4jl u m\\ L—UjUi ^lalLa Jj*J £J jjiJ! ^»Uaj J L_a3 jj CllLaUu^a S-U^JJ fJJ 
(Valves) CllLaLoj^al] JjV mmII JlS j Ajllj^a ^-a^jJ j«>^ij .JJaC. ^X^a] 

jjc. CllLal umll j^xj Jjt, ujjj (JjjJOSJ CiJ^i ^jj 'W^j ^?laJI 

jjIxaII AalLou jl ^jl AjILuj s^lc-j Ajoij dlimVL) (jJaij Jfl jl t JjkjjSlIU aL\1 
.Jaj| jail (JjS-iJI JJC. jl.ic.yi ^ W*^ ' . '* ' (j- 4 J-*^ J cAacjall 

(j <\ > K-n j .c-UJI i—lLjjaijl JjjaJ La 'LK jl Ijjja. 4jili»a (jj^J (jl CllLal <m j£-aJ La£ 
t dlLaLaj^all JjjjLu^a Jc jiiisj c-l jaJj 4^51 j*i>1\ £ya (jWill t-lia. 4jLu<a ^-aLjJ 
■LjItnII (jiilaill ( . vy\ iA \\-\ n\\ ^jjjJaU . lllLal <i i (JpLilj 

l—UjljVi ASaJli <_£ -la jlaaJI Jc j c4-Ajji (J£ isj-a 4jjij]| Ja jlaa-J <W}Jjil 

.Cjtjiui dl^lj Jj (j^a -ilaJ ajjS ^2 aj-a 

Jplc.] (jj^ j-a -1 a i all A£^aJLa]l f.1 ja^/i J J_ajjik3! (JSjoU (Jj^ il) 
(jjlaJJ jlaaj i_l±uu3l (jj-^J (J-^J^ Ai^ja. ^-^) (j' iAjJaJI di^laJI J j 4<_Uil£ 

(j-ojJaJJ .4la.!.iLa]l jjjjikll l5JJ-^ <_1^-"*J ^Liu^all (jpLijj ^3 >^K«Jj .4j jjjJall 
£3j-a .IjJaJ JjStj ^ij . 1 g \jt uU j l&jliia.l j dlLaLaj-saJI ^il j-a .ll-laj 4jjla_all 4jLu^a]l 
.lajj td]j .^JaJjaJI Jc. 'oJj^_a-all dli uljall (j-a (jjiaall ^Laj>^a]l ^jj.Vlir-i 

t at* i <aj i ■ liau] j .(jplcVI jLuikl j^-aJ aJojujIjj CliL^ajyijj 

Aluaj A.\\ «\r. jAj 'LjOj ^»Laj^a]| JJjJi fLall (j^J .^l^a<all Jj2 aj'^-s rtll j 

AaLialLi 4J j aa all dilAa. j]l ^jjj . jj£I >1 . j-v *» 1 i^T^a a 1 jl-lj tfl^a "j 

j-al I^J^ao AiUallj ^Laj^all jjjjjj .f.Ljj^£Jlj jl Ja jijJaa £.ljA 4 3— > » nl Uaj 
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^jL^sjj .4ala.lj (J^ J ta 4^.LaJI t£-.laJI jjjoS 4^^/L^al ^1 ^lia»J 

lilaj t^)iaJlj K_uAjVI a£juj (j-a ^JaLall lilli <— liLjJ j 4 la i si A <\£ a ^\ t\ y 
CliU^j jj c^a jA\ ^ j»Iaj-£s11 oJAla. ^Ja3 <-_£jj jl ^Uu^all J \n»»J <jl 1— oLa . ^1 « > <~»ll 

(j<s dljli (j<a 4j^3fcll slj-alLj l& jjg Vi 4jLa^ (jc- <U jjjai-a 4_uLaJI o l *m<\1 I 

jj£j jl (JrtXj j fcjllfrLaLaJI (jjsl^a ^jlc (jjoJUSa]| lillj ^gi LaJ C^gjaiLJ ^al 

t("llj<tui"uiirt\l lillj (JH* j .OJjJaa dll i 's-\jaa j -iljAJ 6 ^ A ^ jjg ">"'^ l-^J_jJj (_gi ' . \Un\\ 
ahVuul o^lcj j t^jll A^aJajl j cAjjLuu^II tlildk-all j t t - Ida SI dslcSjlawij 

J.^Vhi^U W^aiJI jjc. *Lall 

^ _ala^p> (j/s iaij^a]! AailjaJI jc ^^jJa^aJI (Jl i jlol ^ j-a JJJ^ 

Jjia. £-aj .jjxlo (J ^ni; ^Ji*J ^aJ S-lpat. CLiLu^jj j* jl l til _oLa <_JjLoi ^1 4£._allj 

I^C. aLi-a]) yj^J <—J_>*2ilt |»Uaj jjLauJ Laj!>La UaiuJa jli tajj-laJI 

Aa.Ja jaJI CIjVU^jVI Ifci CjjlS 4i£ jj| Cj^UJI i> Ate tfJU* j .lc JJ^ 
(jl Ijiaj AjIcUII jKUnirt (j-al£JI jiaaJI j .£jjjjll ^Uaj tllJjij j£- aJj^joui 

. jl j ^") > d L jaij j ^joi jj j (Joju i—ujUV I 4-aJaj| 

t^OiJ ia _akk Aj£>a]l (9-6 SjuB) C-iU.auVI iUJ djUuLa ^lisJ 
lili ^->1 ^c-alj^>J (jjflaJ (jl j^gJJ l^)Iajj .LaoLj ^ U*juS j-ajJaJ AjjjJ djljLla.1 

CjI^sJI ^jic j tolxall t_iulj| ^jic \ >* ns"l j tAja . ^ jj| jJ (J^uiu ( _ s jJajaJI JL^sjVI 
^Ijjjl ^jl ^glc. (jlnilllj ^>jL jl j^-aJ lil .jj^Lall ^Ic. j coLiaIIj J^?j (Jj\\ 
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ijjJa jail JLyaWl hurt 

oIoaII A nh'il £a 4ialjia ^jJajxl] (JL^sjVI laJj >>1 (Jill ALja o^C liJljA 

jl jjBl Ajjl 4 j"i > h^Lj t_ujljl ^I^JjoiI li^jjAJ t"il jD-n^H j a ■ .ojjJaII 

oLia j ojj.1a]I oLia]1 <— (j^ jjj""'^ J^J^ iS* - * 3 ^ -^JJ^ 

■Ij-iaJI jpi ftljjjoi * jjM J' »^ ' ^JJ A j^juii^ l^-UJUl Laj jj£j 

(jUiVlS is Jj-SaII sLaIIj L3^*-y ^° <-5^ j^*J^ S- 1 ^! •<JjL«J ji}J 4-^^ J^ j-^ 
^l.lVluib ^.<v,iU V .^jjl (jjii (j' (-Jj-^Jj '<_SJ^ ^ CjUj^aj J3.pl L f-ill j 

sjj^aII oLuJI J^Ua -IpAJ Aj jl L5*f^J •SjJ'^l ftU-al! i— Uj\j| i-a J ^ulaljijl 
^j^a jj sjj^aII aLuJI ^l^aJjuil j^gJJ JJjjJ 4-<JalLa CllliLoiA Jc £jJajj dll jLiL 
JjlalLal! j i— Jaljj jl i—lao .(—ijjidl ALUS J;1C oLa Igjf jjj^j ^Ja^La 

ijfljj Jc 0 jjiJI oUaII j t-Jjj^ll sLa] CJJjlJ Ij^Jaj IgjlJ lllila ^1 Aj&oJI 
(J£ (_3_^»J lillij LlL>Li^aj]l jA Jjiaal] ^^jJa^xJI (Jl i ^'iVI Jc (_g (J".fo"l ^-a^^ 
^uiu <L^alo ajj'-lall oUaII OLulS jli •J^l' flkill ^ I-jUjouVI jl^t J fUaj 
LjjJa JC lj jf£j (jj sLja J j^. j ^.isu i_l^)jjall aLiA 1 . IJnnjufl ' i_l oLia 

.(jilL^ajA 1 j » >t^)C (jj ojjAa sLia J y*. jj jl t jjaL^aOA 

kc Jja]1 Ajjlgjll sUaJI 4oaS j 4 mtimimti ^»LaJI sLaI! Aja£ jc oLaI! ^Sa jjju 

CjUa^I (jjS-i jjc- (_>jjIjS jc. 4 \U aJo^a ^ oUaJI ^aa ^ajj .Jjllall LS lc 

jC jl CsIa^J! 4ial^>A]| oLjaJI jC j! 4(JllljljaJI j)A l_J^jaull jC jl 4oUa]| 

.^ji^aU Jj^)aJI (Jauutll £A dsa^j^a oIoaJI 
<J tlljA»-a LailLa l£!)lglujl (j^ak^A]! liS^g'iniVI j a i aSj 4^jjjj]I ^»Uaj 
j a i aJJ .sUaU ^^IjjcVI ClijjUo ^1 jjjlLJI lu. ^ tojjjli 
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jjc. ii£^g"iuil A yfu jl t^i^ll (jc. L_aSjj]l t . nun jl cajjjfl]! ^Uau Uaa. 4 ^ jVi 
jjJaauaj .sLiaJI ^»Uajj 4-uilLa ^)JC. j 4 i .t^^a jjc. i— iVl i ^"il 4j^)AUall cllljjaall 

jj oLiaII (jja^ll (jaball j] -(j^- 2 jjc- ^^c- <— >b AjjAlkll dbjaall 

CLili^c ^ .^Ikill tlita jiiall jj^ail tiiblfrLaiVb sLjaIIj jj^-=^l 
Jj-> . .nil j^iu ClstaliiJI jOli&Jj .AjjIaII oLilall i—sl^ijj Ajljiall oLaII 

tllbl^JI ^X^aV ^LijJ ft tail (JSIja jA /j .UuLi jjj ^Jlall 

jaju CjblUI ^Lu (jisliall Cjbl^c jAiLail j <jcll-all j AjjUull 

dsLv=Jjj Cjaj j aL>all Jjsl^A ^a -^J-^kJI jfU j cAojoi 20-15 (JJJ ^jljJJ 4_iaiL-*a 
aiA ^> ja&ll j .Cjbl^tJI jaC Ja 12-10 fUll £a t-lbl-iaJI (jijS <3J ^ 

iaL .-UI^jIujI J lYlxl\ ^X^aj jjjj %10 ^fjoUJ ^1 J*JI JJ jl CiJJ (jil jaII 
jjaall o^A jjLu ft. j 4<c jjaII oLiaII ^a %85 jlfk-^U LvaijAj jj jLJI liE^l^luj^l 
^Liu^l j l_u£jj]I L_ulLiil £a j £j jjjJI ^»Uaj jAt £a i_)fL2u 

eliljl ji. (j/aj csLiaII ^»Uaj ^ L_>jjan]l 4\k\<\^\\ CliljjaaJI ^Ijjj 

tjjjljijl CliU j3 JjjoJtJ AjoiIsaII joc. diLal iVnnVI ftLjjl ^gk Ua. i_aAJ AjLflaJI 

^gj^aaL l^la oaJlj AjLSaJI dib jSiJ! ja ^yifb .(jjl jail (j* Ajlijll j jLucVI j 

oUaII j tt_luljVl (J^C- ^'jJ 'La^Vluiall sUaJI (jSl^ (>a J^^' S-^^J^ •C£ A i ^° 
^jSl] tSUjj \SX^J^\ jjc. djLalOaiujVl J cjLufcVI ftLlil ^ Aijj-xaJI 

A£fui ^ fl Jjir t fill JUaC-S/l £31 JA Jj^iO (—J^joijll t <ui^ ( at J^f jl 
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4jJjj-a (JJfjj "r'Jf^ i^Su jl Jui£ (j-a 1-iir > ln\\ dlAJ J jaw _ja]I eLall 

ajjls 4jjjjj£JJ t < nil j£J jfL<Uj .4 la-ia <c\\\ C—l^jjVI jl-^> ' _ 7- J 4£.J<lnl<l 

<U L_i jc. jaII jjc- 4aai=JI gja > >> j Ajjjj^JI ^1 _^aS/I fja > >y\ 

AjLouSI ^aj t jl g \\ (J ir . ni . ftl jfLoJj .IgJjxjj CLiLj^jouJI J-iaj (jl 4 Ia jlaoLoil j 
jl^aJ (JilLall dljjL^all ^Iajuj j^-«J Ia£ .(—Jjjoull J.ixA Lkiajl J-^J j' 'S^iaJI 

JalSj j^fl djL^ajVU fiUal! iia (JjJalia .Ipai aJJ tdiLa-jjoiA eljaAjj .AjjaiaJl 
a-ic jA dljjuall oJji ^jjjYi J4C i—lj 1 tnll ^^JUj&j £i ja Jj^vJ ^IjJ ' JjjLlaII (_^uLal!l 
^IjaI (J£j£b tdili^Sil! ^ l$jLja> c_Ui in ; j 4<Ujall Jj-al jjj oLaJI 1 . iimTi .^il ja 
eliljjajj^jfl\l j»l^aajoiLjj . (j^ajVl JJC jLidjVI s^j^a-a diljJjall 4 1 'sih^ La 
jc j^U^all Clijj^all 4jt_nla ^aj*j j . jj£I <— 1 jjuiill £3 ja ^J^J j^ -4 ^ 4_iaJajaJI 
t4 <\>^ j i— ijfjVI s^Ia ^^ic- j C(jjJJjll JaaJI oIoaII V-t tt 1 <i ^^ic *.La]I j& 

■Ij-iau i—J iaJJ tilli (^g^-J •*- r J_^uull AauS <_jjjjjj (j£juj ( _ 5 Jcj cAjjoII L_ij^>]a (.j-^J 
. jl^aJI jioLa (_5.il ajia,j Luj-i AjjjJaa jj^Sjj i—jjjouII jlfLa 
__^a>jla. c-UaC. £*-<aj JJt IgJI Ijlml j ClLyL^a jJI j L_nj\j_/I ^jJj^aJ LJlc- ^aJJ 
(JSuAJ jLaflajj 4jl jlnml ___ij»_aj jfc 6jLc ^\^U^a^\ ^IaSIj . (—Jjjoull jliLa <__ r lC' 
tdLyL^a_j]| Aic-j .^^jX-ljjllj J >r> ill 1 <\(_ JJ jljJJJj (j^u^a jj tt-JjajVU 
sli *l£aL ^ j 4 jjJjfiVI (jfl UlL^j jj£j Cluao 4aL^> 4jJa3 jS-aJ 
.aIj^s jll ( _ ? a>jlaj| ^ jaJL jUajao jilxJaS JaJj 

JaiJI j^A ?.Ll»ll ^jJjlLal 4-aOaJI Cj^Lu^ajj jUob iJ^jaII jJ£ ^jL 

t_j jjjVl jl>l?" Luljl liLuiA L£ ^aij j jUI jaWllI < . nqTi Si j jaao .(jiujjll 
j^AJ L>*J •"' . '^*J L5^_^ 4aAjaull (^jjlj j)A j cJaiuJall diaJj J_j3>._jaJI 

<j| jj ^L<u-aJ IaAjoU ^LajoJI jl ( jUaSVl 0 JJ* 1 a ' " ; 1 gjol] A 1 n 1 n jaII ^Jal5 (J^-^j 
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0 M fe) 

(Mueller Co., A Grinnell Company :<> .^*u,> jialS JUjI (^) .UJjl 

J*U. J] jUa&l ojjiu^> Cj!1u^ jal] ^jlll c_ij3l jia. aJ] 0^ ^jj 

4juaj jll cjI jkU! 1-8 Jlill ^ cjlLki, oil j^k: . J*US d^i 

lUal aJojJ jj <_s t_ji£j jAa. ^ jVI a jl-i-^ll . Jjia <Laj jl^cV 
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j»La£VI ^"nl g i (_5^C loir i Ajj^aaia ^dlljlja^ dll jni^. aJojoiI _oJ (_)3*^J Vj^^^ 

JJC. e^l<uJI 4 jiaJI j ^Jaall jiaj . <m <->\U jiaJI <JI Jj-^a jj j jj <JajJ jj 

a jjUJI AiLaJL A-aOiJI Jai. Jj^ajjj 4 jiaJI a}\ ^juj fLaj^a (jlijj ' J^aJ J 

fUsj jUil 2-8 

JjjI j^JI &Ua Jjili CjI jLikl 

Jij ,^-3 £JJJJ fUaj <a£L«j ac.U£ JJ^Sj ^ <aU dsljLiii.VI ai& 
tllU j3 (jo oLaII 4^a£ (_>i-}a3 ^iVii.nj Jb-M <— lUall <_£>Lk 4a-ali. 

.(JjljaJI ^aili-a] (JjljaJI 

.^Jal jilL oUaSI jjsJj Jjjjil ^iLkJI Sjjb CjUU , h i'ioiVhJ jj 20 Psi 

LaiLa 1 LiLi >i L-illalliai jaVI (jli 4(JjljaJI lllbojij o^jjLa ^JaljaJI CllLoj (jli 
.Ajk J jjJal] Luj 475 Psi ^Jj 50 Psi aj-a 

t—lUjoijl jW^^ (' 2-8) <_&^ Jj-S ^*J^ J^-^ L>* ^JJJ^I 

.R ^ ^gSjlajl InT , >y\\ Ja jjA IjSj Luoj 4 43 '2 4 1 ^jIj^JI CLlU j3 ac-Llil Ljjj^aJ 
i-_njlj| (jjjj 1 $ \n (jA sUaJI i-jLi.iuj ^gjll d)lA_»a]l ^ij i " ua j 4jiiLa]l 4j« jail #.lalil ^jj 
CjU j3 J^C- jtlau jl ^tTm .oIjaILi 4iialtt]l j^so ^1 JJ^VI <joujj3I AjjbLllI 



653 



elSjjl j CjlkLa^a (i_J 2-8) Jluill jJ .10 Psi (jc- Ajajlall (JjljaJI <A j3 

.■Xx*. j (_>«JJJ -ia^- J^fi^V (jjl^aJI elsl&jal 




— i #1 

M 

^UaS »U»Jl jjjSj ljUuu*VI Cj| jtuil <jj j> Jjjja. ijU ji jtuil jflai cjllakLa :2-8 <Ji>i 

•R <jWJ* ^ gjli laud (jiliaJlj aUJl i_i j^ii 4^3 jaJ! (JjjIjaJ j2 .(jjjl jaJl 4aitiJ 
J jilt jj^jj j iai. ljUuu! lIiI jLuiV ^jUakLa (lj) .<Uij j^j Jjjjai j2 (-jLuju! jbli.l(i) 
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djjiu i—i^jjl .(Pi tot Gauge) ^ jlu J.vVimlj <— ajjj^iill (jALj 

chM* <_>a 4j| ^gJJ Ij^J '1-8 <UjU-all |»1 laJj * nb ds jjjj Jaajuia 

t ■ iLtjod Vl (jli t J la <i Jjii-a hi 1 ^ < T J J^ <> ^ J 'Jj^-Aa (_) ^ <— SJJJ^ilil <Ji»-a] 

i . im^j J i . i-> j i20 Psi ^&a j — C5^ a3t ^ 1 t3f^° ' lS-^ l*Ai» (jjfLujj ^ill 
.2-8 -I ^ ; jLirkVI CjUUj ^ 



Q = 29.8Cd 2 (p)" 2 



(1-8) 

.gpm tLjjj^^ull = Q :tlus. 
.0.90 Lie jjlj cJaUa = C 
•in. ji-all jiaa = d 
.Psi idijlu (jujli Cjlc-lja = p 




• gpm O-lawa JjiLa ^"»* ' <a t—ljjoti-all L-Ljj > r->")\l Qr 

.gpm t jLua>Vl l£U Jkll Uujx^ull = Q F 

iS^A a* ' all 4-aJ (Jl AjLaVl 4-ojSII (j* laa > all Ja jjA = // R 

• Psi 

.Psi t jUSiVl lDU. JaijJall JajjA = tf F 
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flLualall <Uu^La ^Ij-lV ajjjJa (j-a Laj £jjjjll ^Uaj o jS (j}S.ii]l jlfia.1 jg 

|j| . Jlc jjjaj jjJ t> <j£lj *il jJI .iJ CjU^oaj I UUaj (_>« 

j»Uaj <jl ^glc Jj^j-s (illj jli 4jliia.VI J^-a. £tjJa]| A laa a (_£.}] Sail i all (j^aaLjJ 
La > >i llAa > f->o\l ^jWiun La-a jj£I oLui <_gic- J.il3 £Jjjj3I 

.jLua-VI J^Lk (JjjILJI laj > >>\l JajJA i ^^jtfLj c^jLuc.^/1 1 g \i» uSS 

JajjA Aio la. Jjia-a Ulfla (jjolLall lit > tall ^^JxaJI -la ^Jaj^xill |jlA (_J jLjJj 
(jlSj 4 laa <\ll (_£.}] 4jal£ £tj^a Ajtjj dijajj (jli .^cjJall 3 laa ^ i— aj j > ^>MI laj > >i 
^Uaill jla c<UaLjal dlla-jJaa Jjrnn jjc. i— Lj* adll laj . >i ^jic. JaliaJI jfLa-all ^ 
.<jjm-s ail ^laSJI £JJjJ ( _ s ic- J-ila J£a <^-a]l 

( _ s -lc- I j-SlS £jjj!i3l ^»Uaj jjjSjjjdS cAaaLjaj ^cjJa dsl.la.j ^3 jjj (jl (j£J 
j^SJ .^LjJailj I -ilia (jj^J ■ » <J^ CS^"*^ ^Uaill (j^j 44jjjoia-aJI djt-Laa^l JU^ajj 
JDU. t> ^Uaill Si ja-all Cjljlua.^1 laj , all CjUa j^J CjUjaj^l 

(Jjauoiillj (^iill laa > >i\l (junlsrt (Ja ^ 4 V->-»^Lajl laj > ^-ill dlUa jjA (_J£ 4joil jj 

j-a <— ijSJlj Sialall dljljaa.VI l^a. <ajJalj t— lla-ja Lajjl -S3 .4 laa Jl 

• sAwjll <-llljLua.VI jq> ^i\l (j-aalljj LailJ c^tjJall 4jaa^a 
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c\jua j»Uaj ^jj jL^JI a-ilc- JjjI^pJI <A jl-£^ L3^"^ '— *J J " a ^ 

1 mg/1 \)J fjfi^" 1 (C (jj.nl "n^ liliJjjfLuil (j^i 1^.1 j LaljC- (jj .4^.^)ia 

ja^lliaj ^l^aj p l.iiiaL UajjAj Ljjjjj 3-8 <_&^ j^ij .100 gal ^ jjl^l (>> 

«Ual^aJ l^ir . >i (jiulSj ^au ^ clsULu (Jj"> i in al.ll ^ jSj .(jjlj^JI <Aj3 ^Jj^j^aj 
20 Psi oj^S JaijJa J^S. (Jjlj^JI <A ji JiaUo Ji .(-jlu^l j Jai^JaJI 

LSj^a. ja.U. AjljUl 4L_jIWsV1 <-fl>^>J .OajuIII jljjjJI Jljlal 

^j-a -Ij-la. tl) l <U.». n ^j i^Lall A -s \\n a (ja (--bail JJJ ic-Lal! jUI (j-a !iLaj (JjjJJ^II LxaJl 

il^jjjj 4$La]l Ajfr jj (_S J J^ oAA dlls«jJajjll ^oLuij aJ Sail tiljjjouill Jj^aJI 

^Uajj Aija-a oLsjVI -1}^J I aJajji]! t ■ lllalj .qpjjjjLA] ^kj tl^lajljj tlg^axlaj 

5 ft/sec Ujja sj?. a&jjoi jjII tSlSj lJ^JIj .jjjI j^J! <a ja j^j j 

.pLalt jjU (_5jj^ajll j — »^ ' Lllc. t aJajuill oia j^Sj j .6 
jj^i J .^7-4 Sjaa]|) tt-xulj^l ^ui] Aai^jujU ol£U^ jrjUu ajjU-a (j* 
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L_al£ ^aUaill ^ K II ^ j jAill J (jl (^iilS . dlU i n-s 11 J .Ig-aJI JJS jSl 

f£jj .jIjVIj £u^all CjUxxaj i(JJ_p^' CjUji. £3^0 j JljJaVlj C^U^Vlj 
^Uaill ci^»^ J -0 4-^^ (xJalLa Jj^afll Jib ^1 j <-uAjVl CjULUjj 

4i_jjjuVl (*=>^-j t^liijVI j 'Ajl^jJI oiac-j oik. ^£jj t^Iala dibLu 

(Jjajj ^^all j CliljLull £-<^- -JalSj Aic Ij^ojI iiaJI LIS .^cjJall Saa <\1 j 

j»Uaj ^cjljj ^i^u]! <_1*^ <— <JU.i <— lU-^aljjSl <■ <JJ^' (j^-aJ -■^* > ''».*tt 

1-8 JH» 

i—lLu^VI jl£aJ cs^i 20 Psi ejiS (JfLa laxjJa ^ J t-Lji.Will t-luaj 

ilsUaS Jlill ^ ^clb ja jA US 4j <3 <2 d (jjljaJI CjU js J£ Ui^j^j .^HjII 

La i >i a«.lja .2Vi in. o^>iaa ^jiaji. ^ji oJja.jA jjjl jj JJC ^LJI 

kit > ^all JojA tt_iLujdjVi ci-^J -16 Psi <JJJ^- <A j3 J£ (jJ ClijJJJ jJJi 

.58 Psi 90 Psi <> R JjI j^JI 4a ja ^^1 <j SaL»1I 

1-8 <tal*-J ^hVi.Mb 
(4)(29.8)(0.90)(2.5) 2 (16)^ 2 = =2680 gpm 
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2-8 Ah\ju,l\ o 



(90-20)^ 
2680 (90-58)°- 

Q R = = 3970 gpm 



4090 gpm 



V (90-58)7 



AjjUI tlibilafl JjLuq huh 3-8 

iiaj t^aJla-all ^ CjLLaJI j t^UJI eUallj 4jc jj 

(jLaJ diraj JL^jVI <Ail^Jj j^aall A-alJ ^ajoU .bjjxj^JI AjsJUJI 
^ J^*J j <ixa-all Jj* ujj jUiu I jl j3 -liuo! jxj ^jc. ^UailL JL^sjVI Joioiall 

(jjajLJI ^jii .Jj^all (JjjoJeJI ajLujj (JjoijoIj 4jjLuu£JI Ac.^)aJI JajjJaJ 

ijjijlal (_sl£ ^»Uaj (JJ-olj ^JJ <ji ' . 1">J nillj (j-a ^C-^lLj . IgJlAjlml j 

(jjJj ^jui'n 4jjl ^jjjaHj ^fLaallS a 'ISt .nil CjlAaxll A\\-\ n\\ ^fLaull i " )1 -s jll 

.[^jljJall (Jjir, >7n\ j (JjjaJtJI (JjoiL j t< ■ A-LuuVI .'j * 

^-aa. hit j 4<^ajJ] <Llill CA jJ tajjiia 4-La^aJ ^Vlfl jA JlaJ 

(Supervisory Control And Data Acquisition, ^li^il ^SaiJI j cjULnll 

Jj^SuIt JJjJ aJjaia ^La^al ^jll SlJ ^t-auU .3la£U SjjI jla CjLijllxl tSCADA) 
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oU-all l_l j.uii,n£ ojilall JLafrVI 4j§I ja! <La-all <J La 4jii!^a 4 SaSj Jl=oL 
<jj£j Jj iUj-wij 1-SjUa jJI 4-?-ajfU <Llill dll ji jaJj .4jjlaj£]l i jaJI 4iLialj 

^aU^)j]l JJ*2 (jl ol^Vl Aillajl (jS-aJj tAjLaft ^j-a J-&L f^"*"'^ ojjla 

Aiiia j ^>jfr ajlc c*Uj (jj^Jj tdlljljjj (3^aJ (jt olj^U (j^-aJ LaS Lg_LajJa J j-all 
dlL^j^] j 4(jl jj^Jj i(j-a_)^ tlj^^Lajoi hq^> Jjauoiill ^^lalc- (j-a L-AiaJj .AljM^aila 

(SCADA) ^13 jll ^L^l j CjULuII ^ a^J ^jiii .4jL>J1 lJjj^j ,sj j*J 

La±Ja j tAjjU-aJ^ll 4j.lijll <J.l»-a jjjijj 'AilLI jl jl^aJI Jjt.uU ^uuuoSI J-alxl (j£-aJ 



(') 




(San Juan ^jivlt <jijaJ! cjU-i>»l ^jJ! jk. Lk»_» (<_j) .cjU^>»ll ^KM* 

Water District. Granite Bay. CA) 
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. jjjij jI^&V I^jI^j j lulu l^-ajoi jj tjijjVI j 

120 AjjJS AjaJajoi olxa ^j^Lal ^ujjjIIj ^Vill CIiLjLj 4-8 l&^I J$-^J 

iJt» > no <_)l j laj toJ_^.j-a ^ Vi <Li.j3 <i (_^j^j-a]| l—lmlaJl t_j^J '"'J^ .Hlgd 

Oja i ( ■ b ill -> II <iiUjj jl">J J^^i ftJ 1 ^ t^JJ *->*^ LS^" ^Uaixawa 

24 Jj-al t> Uuij- 4JiLill JJaWi JS Jiaj .(I 4-8) J^- t^l^l^Vt 

t_J_jliVI J jJjialLj ^ Vl ^alaj^aj t ■ A-Luul (J-uj15 lg-i<a ^xu^-a (_J^J •^-ui_>«a 

^jli. t4.uil.uill (jLail ^AUall ^jiaJl ^jJu^aJI (j^alja.1 (jj .^xu^)a]| (^j-a ^jLaJI 
AjJaj^x-all ^jill jjj .a jji Jaliall djSj (Jjiujjll OjS CLuuJa j J j t 4-a.iaJ1 

(JS ^)JC- jlaJl ^aal ^gJl.<\uill ^jli^all (j^al_^.l jj-a (_^a_a^. (Jj . a a ( " laj 

L-Llj > .-Tilt jiLaj^a AaxjJa j]j J-^ J CS-V^- 4 J^J^ cJ.)*' 4_uuJajl j i^ls^a 
.^il^ya <_J£ ^u£ ( . iljuiQUj t4^au3 (_£.la] Alui'illj 1 g V. I^u*-a 

.^jij-all ^)JC- dlAj t-ll,l,uiil <_J.i*-a J}3j lI**-^ tlllaui^all 4_awa^j ( " 1 <\"i ^il 

.^jjjaII ^ £jl*JI (jiiill <— iUuuI (jjjjta J£ 4jjlLail <— boiUJI ^gJI l^JU.^Li 

tLaJS JjjUaJJ J C _ S JJ Jil jl Jj£l L_lLjaijlj 4j* i >i j Jj ^,<u ^» J£ t aJJ^J ^JJ 

^^ic- pUj^U tliliaj ^jj^aII (jj^J LaAk- Ijjja. JaaS Li.jjLa jaLaj^a |_J^ (jj^J 
^jSj t(j^iM n\L 1 ■ iLiuu VI ^Ajj ^jjj-all ^Luijl ^-a J ^ <• (J iaSa j o I ■ iLiuij l J^a-a 
4 La all jj| joc. .CLuIj (— iUjoijI Joa-a Ci Jc. 4 M M ^\ aj^all £taSJ ^a^all 

Ajr > >i jj CLiLal <\ > ^>\l dljai I— t4 . ail iLa dlV^«-a JjVnull lJj-^J I J-a^3 
^a] .^jjjaII ^Luijl ^a t—iLijouVl jj afll V'nj c%35 Ajjoiij 4^.jjLa l^aS (jjSj 

^U^^l 
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(<_i) . £*d 4laa_»j fSaull ?Jk J hlluS!l ililHaa^il ^ui (S) . jui fSaalJ iuLu ? ijUaiai-» :5-8 <Ji>i 

fj*" J fe) •Ll* 4 ^' Lf^! <-»Jj*^ iiuialj ijUuiSUj ijUaJI (j^iaUJl ^jfuiVi iJuj^aj lau2al ^"Uj j»>jj 
(San Juan Water District. Granite Bay, CA) .l^a lauall a* I iOlaa»« ^Ul 4^Lu 
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J) (Jaj-lll Jjajjll j ttju.ijjll (_pal jJl <jx ^jUJi (JS^I J 4j»UJ! aUall t>a 4jjI jj^C 
• j»jJI J <jJJ^)-a aJ-iaaJ] Jlj^xaJ cJj^"'.'J ^J^iJ-aJI (j-a ^jlaJI Jja.Sill J 4^JoiJ«a]l 
Jail -i^-J 1 g ha uidj 1 4 \1 ■> a A <\j ^gj j i nl II ^fLaull li& ^ ft > jj 

(Jxslc .48 hr sJaI jja-ljjj j>j 24 hr 'ixol Joioiu JLac- <_U*j :<LaUJI 

lDU. .(^=£^1 J ^ jjll 8 hr j 16 hr) 24 hr Sial 

lillj&j .4ja2>-all <— iLlljji iirtj ^J*^ J (Jjir, uall JLaC J^^J J^-^l JC-L-uJ 'j>jJI 

(J^ J <yjj^ ^Saill <jal^a ^jj .<Li3 j 180000 t>° jjSI ^jjjlll ^U=u 

dlLa Ja-a <_Uajjuijj dlli^jll a (J^JJ J 3 <— ll-ia* J iaj i J 1 J«J (jfr ^toia 4 1-t-. a 
Lajujj (I 5-8 cJ^'ll) Jj •(_£ J -^^W ^ll* 4jaa^a J jS^-all t_J j i nl \\ 

Jalij JJJ*J teliLVIj Jjiaijll j tA^jJa-all (JjAjoU (Jjoiluij Iji-iaJ (jl (JjajaiiSI <JLa*J (jS-aJ 
frlaj^l t_l^jJJ i^Uajll J Ja32 .1^1 j Oij^ Cftj^ ^ J Jj ^ J^J • hdjJall 

Jfr tjJJ-a jA La£ t4a\"^ <i lIiIcjajiJ (J-a*J dlLa >^i,a 4 Lj-ul jj ^Uaill » >i Jc. 

£^UsVI t>a CjUuJaJI jikb t>aj £iaJ .120 Psi J 6.1a. Ku^i ^iJt J JjfciSSlI 

^ jfui^l L«jJa] LuLu 1 l-il-i^ ^ 5-8 L&ill) J^=»J .JaijJall 4-?^ *— J$J 

.qa}J\ jj^-all 1 aoll j l—lLiuuV I iai^iaj i jjoliS/I <^\l ^^Sfr ^gjJaLaJI 

La i all till jjijj .145 Psi Vi» ' ^11 J jau-aJ tij^^ <auJao L_a3jjj ^^ij ' . ■ ""'J 

^iij^a (jj^aJj A£iui3l Jj ^tjJall (jj^J La-lifc fljj* ir-i\l 4 ^hi^/l J <— S jlLa ^al 

Jjt.uu3 i£]b JSj <j2La]l CjLALlaJI jj^J La^jfr JaiuJall djlfrli^jl CjiaJ . J jOa-a 
j|j^jjai9 CllLii^Lailj ^ j^j | a -ft Ijl^ u£ L^J^Sl^ tl^c-^lsl J^)^-aj I g i^ ^g ( 4 illUl l 4 ^ , ^ 
djUl ji. 4jjIj^JI 4jjLa1I JaC-l jjJall JfrLoU .L^ia jj j»UaJI J 4£.jjwiU > ^i\l 

J LjjLa Lj J^J^ hj ^ jl *■ fo"*^ J ajj» »r-i\l ^jJ^aJill 

C-lUaawa jLali] 1 1->Vi-\^ 5-8 (JS.>*ilt) J$ hj .CllUiLlaJI ^cjJall ^JxJJ LaJjc ^Uajll 
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Ls lc ^jJalb ^s'W h^Uj 4.LLlLa11 t_jllill jpJI j .l$j.jl JaiuJall tljl«.l jii j 

L_i3 jj j ^3 L-Ujaij tlllc.li^j'VI j^aaJ t*I.IaJ .10 Psi JLa-o £Al ^Uajll JaJuJa 

tlllj Cll-si^i^li L-imllttll .1.1*11 jc till <ljla-al n j CllK 

.tlULlail MjujjuiII CjIj^U clij^U 4j^L\al1 tlAcjjuill 

sLlaII 4j&Ji 

j&j .oUa 4_aJlx>a La> " (_£l Jjjuaij ^ ,-mLuJ j«l sLiaII Ajfrjil La-alijJ ^jj 
^Jc ^jjj oU^j A -\ \\ t ^ tlljj-ajijl jl j ^^lia. (j^ij t^J^Jajjj sLiaj till jig Vlll ,j jLaJ 
.(J-aLoill Jjt »*nl\ LjjjjjJa t-boillall ^jfk-aJI t_sljjjo"^l ^^ijj 4 jniiall j .I1.J3JI <ll jj 
LailJ 4 jjlaLjo jliiaJj (jliicl £t-«l JJ UilJ JJ ejj» ><nll 4jaJljtAll tl)Uaa-a J^=uu (_SJ?J 
4jV jll <J ^Ja. ■ alt jj! j^SI (^Jcj 4 jU Jl ^Ja i alt jjlj^II C5 ic- UK jal j^aaJ .iaJJU 
JLafc t-JJjJj l&jjlLu 4jl tll-laj tajjjj^all 4jjL&1I JLofrVl <_g-ia. j£lj .t-iljjuivll 
(_3Jjljj^ ^I.'iV'uhIj AjuLoJI 4jjjj£j]Ij 4jjLiaj£]I tlsljliia.^! j-a cs^ - cl j» -' ' ' '^ ll 

^2 jJk jj ^!1L!>U 4lal£ll 4jjja-all JJjiajJt 3j»Aj) j] .t-LSl j£ll j ^aau^ll CjljjVl 
4<ajLaJI <j3|ja1I £utjj ^Jfr ^ns'ill ^aJJU .^Uajll Ajjjtla ^JJJJ j 4-aUll tlA£l*ll 
J^aJLoilj tdjjiill j-lL^-a j-a 'r-'jsll J 4oLia11 jjftlVnunfl jl£jaill jr-i'll . n-i j 
.^Uaj]! AjLii^aj (Jjjuoal <Jajjlj]! ClAjLnll j ' a Lja all ^^jJaljS/l 

.lie Aajjuj tAjj j] jail UjjjSjII <Ja.f t> 4_il§-^ X)^" 1 t_ilkj 

<1Uv til jOa. jl 4-La.laJI tl£L^ j JJfr j t jxa'^ all jliaill J-lfr ( _ s ic- 4jjik-4ll JjJ aall 
p ' * 1*!^* jLuc-l L_lk jjj tLuL=oj a"\\<.\\ diljj jl jail jLiia.l jl j^ la jli .4j^ala. 

J± JJ^i\ jl jS ^Jkjj .4jJ| jJIj ^ISII cjUjljall j> JS1 SjjSU JaVl 
j! ^l&VI ' .'V j*'J Ui£ .AjIIjIo di\ nr. ^ tliLp jl jail J ja> j ^Jc. 

4 LiJaj| ^jVl ^aJI lSj^"' j " ' .i^lj J^-joi ^ jJJJjlajl jiiilC. -Jja.j ' '"^ 
JjlaJ jAjJaljj .4jjJaC-!>U! ^UxuSlI j| jallj iAjjbjjill (jajl uaaJlj i<-al«JI till jiill 
4^jUiiSl£ll j 4 JjjuiS j jil^ll <JjlSj ttllbjJjSllj 4 tlllj jJ jSjJI ojJ-iJ 5-aUtll tllljlill 

4pHj 4 jm'ull J 4^»Jljia-all J 4ilAaJlj 40jC.jll jJjSj (jUljfrj 4Jiilajll J 4Jjl£ll J 
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(JjliJ Lai .ojj£»JI j t4iaj|^)]lj 4 j_*UI 4jjL)jji3l (j-sajU^iJI j a > aJJ j fGKJI 

4^jJ-a^lSJI j t^jJjLJI j 4£tjjj^3l j jjialbU IjJjlSj 4jjjJaC-!/UI ^LlajSJI jlj-all 

^1 (JiLaJ . jjlillj l^jjilLuillj tdjljlill j 4(jjjJ_)3lj iQ-eh-^aj^ J '(»JJ^J 
• — A C5 ic I jJai. 1-5 J J^aJl (ffi £J-^ ^Jji*] ^jjjoiaII lS- 1 *^ 15^ J'"/' 

AjjUaj£]| jl_4-aJI ^1 ajjouJIj <iai ^jj JS j! Ljj^joi j ttlil jlai 4 2 4jj > ^» II j 

^jt-uL (JSjuoj jUikVI jj^jj •Lk.S_4^_4J l i l ui J ^^l jl t-LuLajj Lgjljlilkl tl±jl£ ^^lll 

4_uLuj£ j| _4-a jl AkA* Aja J _4a. j j)C ^jVI ' — Luj£j| jjfr I jj ^il&VI f^cl 
sjjl^l (j^aJj . tlljLal ( _ s -aiaC.VI (_$j1uia!I jj£jj]l JjU-a jjLiJ jjililxJ 4jjjJafrV 
.^XaUajV 2 jj ] i ^ i< j|ja1 4jaL-bl tlljlilkl ■ ll^j (jl 4_lla-a]l 2 ^ ■ *\ \ 
j| _oa]Ij t^Jjljjjall tliljLu^VI j i^xlxll till jlsll sUaII j-iL^a jl /ir-l j a i a2j 

t_jiLjJ 4j»ljj]^U l£lgjjl tl/ala] AjaL&VI tlAjjioLttll (jlaZ <JA\ tliljLuiVI 

jLjcb (»Ls]l t_i jl^all jx j <* Lalia aJI j^L^a-all Ljal^jstluolj I jI^Sj j!i£l 4j3l^a 
jj£ljj jbjj .tllLUjll ^jia tllUlLlaJ ^IjjIVI <— SO^J tjjj^all ol_La Jjl^=k jLiiil J 
Ajjfkx (j^a jaJ (JjlxJJ •^^ a ^ jjLaJJ -S3 j oLa^JI ^3 4jui-o]l jl _4a1I j (jjlx-all 

^Uaj (JSLolaJI t-Jf> u 4j|^)x-aJ (JiJoll j tl^J aSa^l j -Lpl j^j^ll a\\ It} > laj ^^^l 

t^glpjj (JSj^J (J-^a^-SJ <jl .Ajfrjill J (jjLjjll (_J jljLui £a <_Ujl*!ill j t^jjjlill 

Jajjjjill (j3 j oJjj-a tlljl£ jl La tA^JLoaJI ^ 4-aikjjai-all AjjU-aJ^JI jlj>all t"ll uj 
.lilJj (jc 4jjjlall tllLal jaJI ^3 j^Sj iLa Jla. J j=k jj Ig-J J^L^VI JU. j tsJ^a-all 
^ 4jaa^all j^ij jl iAjlc. (jjL^a-a (_J^li-a JjLtJj Lafria i^^)J-all jUI ^ AlJ (jS-aJj 
(jjoLLa ^gJfr ( _ s i& jl A <n jj >^il jja j)£-aJj .'oJjaJI <jj.iLa jl 
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JjWl (jjiljLaj (j-aL-iiLal I alJa* j <j^joiajj JjjS L_aL)ia-aj J J-aa. dlaJ 4juoiI 

AjjjjJ 'ajjlx-a j i^jj] 

4_^aU. CjL=kU.jj C-lUaa-a j CjlUaU. tSlSj ^J] 4iL^al ^jL La£ .CjLa.La.jII j 4j«jU!i]l 
0^ tj^j t^ja-a ^Jc^ ^ ^Jjj 4£LL <laa-a Cl.la.j jLj .Ajji&jl CsLajaJtlj 
djlclxjoij jljfr J j^. j ja^\ ^LaJ j tAjC-L^I <Lal jJI j^> Jjjaj j»L}^ iSJJJ' ^ 
ojJjS LjL ja.laJ ( _ ? j]l CjljjikJI ^Jc ajLc L-SjjuiJj .(j^so-aj jl^frj i^^fuij 

jjjfll > <aj jjj""^ i.Vl-J Ljajl L_aia jj .13 j . ^gjlj.nft (ju.Vlg ^ jl J ajS ( _ s J«-aLa. £tJ ja. 
jfrt Jl j.jIj£] j£-aJj .CsljLia.^/1 ^cJjjJ (O"^ tdll jn-*> .a 4j!>tj jl jLljjj 

(Jjauaal! JLaJ j^-aJ ,4_laa-a]l ^Jfr L-sIjjoiVI ^3 ^JS jl ^j?- f'j"^ ^■*"' a ^ ^J^-axJ (j' 
La£ . jjlS^I ^Sl'uj tAjjlallj t'ajjSjtJI JiLa '^liij jj J^SJ j»L^ I J^J"^ U^J^J^ 
.LuoLa Llj-JJ IjSJJ Jj iu\ ' i j JLaC Jj3 j^ <JjLJI CjLj j] j"i]l CjLjI >^rsj 4_aJL-a j£-aJ 
(Jjauaol! CllljJjj (jl j-a£j JjikJI (_LaC- ^Jfi. jjJJ.lJI (Jjajuiill JLafr 4j j-a j] 

jl .^jJb iaaa cjlcLoi 8 six. ^ j^kJI ji£JI Liu <24 hr -Jl JJ£ ^JoJu 

4jfrjj Alalia ClljJaJ jfr C_Loi£jl ^J jJ AcUl jl.la ^Jfr L_sljj^l <LiLlJ 

CjLcjaJI JJ^Sj ^J <LLuII S j la II j ^LaJj^l CjljLia.1 j^> J£ JajUjoU .j»LaJI aLJI 
t " iL r-i jaill JJC. J^LuiJI £3 jj j£-aJ . jJaJL SjjuiJI ^Jljlj jliJI CIjl-lLttxS <_jLaS/l 
.jjill ^Jfr <iJUJI dULafr ^ CjljJjili Ijj3 ^Liall ji^jj duaj ^Lkll oUall 4ijaJI 
jj=JIj ajjouJ] <SUiJI 4l\jy\ jjjjSj jLaJ !>llaa taJjU Cj!3 SliLJI ^JUJI t^La^uoj 
j£-aJ .ojjoaJI <ll jV J^?-^W ^)^«J' ^Jc 4_SaaLa^aJI jjc- joltum (J^J 

ajlj^ <^jJ Uiij 1.2j 0.8 jyj ^jIjjj jl iajjouJI t jj 1 1) jJ <al > rttiW CaO <^uJ 

j-a Ji^aS "t_$\ -1}^ J^'J AjouI -\" , ia jjSj jl > J>j l^V^ j 4 Jaliii.^1 j-a jj «.LaJI 

^Jl j^ij jl Aja LjJI aljJlj Clll jjg -v")\l M^jIjJI j ^aJall JSLLaJ jS-aJ 

aAW Jl £j\ j£ jJI j .<LJI jj-a J^jil "o^C- <_5^-4 <_Jc. aLiJI Ajfrjj <J3ljx ^ (jjJJjJI 
j£j J jl ;l^a. t ■ 1» II (j-a t^jljj MjjjJac. Cljlj£j-a Ullc- jjSj iJlJ 4 llmJI 
4-alaJI 4jfrjjll ^Jc Ij^jj-a ^ uiljqll jjKil ^Ij"'^! jl n-sl .lAJjiaj t!>LaJLaLa 
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jxs jljla.VI j?lj .oLiaII ^jc-jj J^-^^ LS ^-U^J A^jljll Ajjc- jJ-lSjj .oLLall 

^jj .^jLjjIIj Aiii-a ' " il jjc- 4_aj| jll t LujS jjl tly^ LfcW^ J" 1 ^ (j" 5 l3£J^ <-M s 
.4_ajljll jaj s.laia.1 ^gJa. 4jjjjjJall tlliiiaall jjc. j^> <aj|jll t_iluia. 

.i3 j lb J j£j AjoISlJ Jl j&SJ 4jl Vj 4a-llLa al J jjSlall jljJa.VI (jt j* jlLj 

tLajlj jlxa llluul 4_aj|jll CjUjiaJ jl iaa. _jl ail . jjljjll <Jja j-a oJjJc. ,_jjlSjai jfr 
.Jaia jjqjqV'i jl <. Laalj .iia. l)^^ ^ 4_=»jIj tlilj t " i\ nr. jl jj 

4->/li Aj^Jajoill oLaII jijb dlaj ^_SU j^ill jV^' (_S Ji*^ tlijllll J^i ^ J 

VLaJa>l J&l jj AjaJamJI oUoll djjlj djj^a. jl .C-UjUVI ^3 £-lj3 dj j.ia. J 

. tlljLiaj3 jl 4(_£jLi-a oL-a jl tdlljlj;!^. til j j cJ-*^ i> " L)Wj^ (J^ ^"l^>l A~\ 
JJC- aJjLaJ Jjl^ll jl I jiaj iLajixj j I a J j"' U,,,\l alkali a ■>. 11 ■» ^ i . i\U"m 

4_L)Lall dULouVI <Jajl j tgJ^a JJ .0 jL^all Ajjg^ all tlbj > sir \\ 4il£ (JjSl t_bailLa 

1 VwVil tillij 0.1 NTU U j^a S jjic Jc Jji.ttifl jLlc iaUj J ^j-aVl 

EPA (_yUjlLa (jl j>a ^C-jlLj .jajixlll j^a ( _ 5 ^l AjjJyiJI tlLjjJaxll jiaLi-a 

ajJ&ja <aj3 ^ ajj^I diluiLiall j* %95 (J 0.5 NTU j* Jil c_Akjj 
j£-aj tA^Lai AjKII CjLu jl jail dil jUUJ gj\2i jj£j jt j i5 NTU j* Jal S.ia.1 j 

<fuilix iajjji _aJJ . ^ajixjll j ^luijjll J-aJ jl ^» jjjj Jjfujjlll^ll tlLoUJ^] 

jjdij ^-a tl _jilll <-aj3 ^ ^-liAjl tl ji^. L_Sjjla tljLal^j jl 4-alaJI ^ a 1 all ^ jijtill 
.^jLkll OJjSc- j-a Jjjj oJjAjjo lllULljaijl j i^luj^aJI Jjiullj <_j£Labaj i^JJuo 

A-k^aja j-a ijjj ^^ill Jjxjoo]! L_Sj^)iaJ <j| ^^Ic. I jj j£j jl (Jj t . uu II (JLafr (^gJc. t_laJ 
LaAifr ^jjjjll ^Uaj ^ oilljla ^)JaLa-a '"' .jaliaj]l (_J j;iaJI ill jlill jjja 

aJ_a^.j-aJI (_^ j;taJI gLuaJI j-a tlljjLai] jjSI JJ (jllaJj 0 Jji <— iLluut C_SjiwJ 

.^jjjoll t-iuUI 

jjLj jl] jl j^-aj t<JjLajJ 4j jl jJI j AjKII illUj jl jail (111 jliii.1 jjSj Laajfr j 

.fcLalU (JjiLa (j^-a-a <_5 JJ^ tlljlj j<a ojAa-a 4f.Lall ijjz. AjjLijJ ojjlj 
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(J CJLaj jLail (.SjaJ Jj j Cj jJjll <>a stall <Jiu jj ajlc J^uaJ 

^Uajj t4_ajl»-all -A lt-\ a (JjxxuJj I j^a-all alxa (jfc (^jajlb ^Uajll (Jjt.u'iJ (jValc j» jSJ 
L_Sjjia J ja, jJ ( -U > l^aj ^jtuC-VI JJC- L_ajjiall ^jiil lilljj ifrtall £JJJJ 

oU-a 4_ic.jj ^3 Clsliljaj^/I ^jjSj j'lir-iflll oLlx ^Jfrjj dlljLjdC.1 joi^-iTl .cLljlj 
al.laJluil dll 3 — »\ ujj (jja)^BJ,>.nl JJC- lillij t j.^n-iinlt at-a Cjjlj AjjjtLaj ' j v 
cjjj-all CjU£.uuI£ ^jtuc.^1 jjc. lid jaJI j tjJUll Jj-tf^lt J j^a. ^5 al j-jJal jVt 
l.jjj (jl ^» JiJ L_ Sj jJaj a ilia t LllLiU-iaja j tJjAjjo ^ )-i » h (jt)ja,j 
.jljclj ojj^C.) ^jJuj-all eljl 4 ir-il-N ij t (Jj t . u 'ijII Cli>Lajui (_pal jxJjuAj A-\\\* a\\ ^jjJJ 
^cjllij 4(jjitajJI j-ajj t ( _ 5 ifL«J! j i j_jl£ll <c.ja.) t -»yq»"i\l eljl j (CjljjjaJI 
j^a ^Joa-all dL^tajui jiajxluiJ jl 1 ■ LaJ . (^jjjjll ^Uaj 4iaa-all LlsLjjljall 

J-ttC. j-aC. jj^aS j ii—lUuij^l ^ llllc.li.jjlj t^aJUuall Jjju£j CjliS jJ j JUaC.^1 Clua. 
(j-ajJaJJ AjL« uiall Clltuojta-all ^ jl ^tbajSli dlliLiMia'yi ^3 (Jjljjijll j 4^joij-a3l 
L_UjU JajLi JtaJI ^1 JaLSil! ftU 3J t£J jjlll j»Uaj <^£tai (_ya\ J*U 

oLl-a jl (jiaikla l-tii » >i Jja.j (jfc jJjLijj ijjjjjSII jl dlLjuiiJI j l<juUJjll stall 
< _ 5 iiLa jtlia.1 J '^3jt* * JJ jc- otu (J3.JJ t— 1 j-la. j tojjj t-JLiuijl ^^ifr Ajjl j 40.i!al j 
V <J& JtjjuiVI Cllliuxa <J oi-jj (gjUjJt JJ^ll jjSj j .^UajJI JJC jjK 

djLajia-all ^I'lVlm! L_La.jJJj .<Jja-aJI (j^alj-a^l OjLljj AjfL <L^aj ^tiaj 

jj jlik-VLj iiVl -lie. iLljLa J jila L ys\ j-aSfl o^-l jLijjl JJj^iJ ^1 <JjljjH 

^ic. ^-^Ij jAjJaJJ jl ' ■ la-J .#.Lall <jc- jj tllljUj ^aj j3 jjj jl j ( _ ? ia. t#.L«JI ^^ic. 

.JaS/l (jic 4iaj a^aJ Lab UUic. t_Jj^l oUa ^^lij CjLajLu «.LaJI 

toLLaJU jj^aallj i^LaJI Jj>^aall Jj^aJ ^Ljjja (j^aljxjjoil >^i\l ^jai-aJI 

(Jjb^ill Jjia. dlik-aj ja] .IgjujjJ j sLiaII Ajc- jj ^gifr I jiaa. (Jj-aj ^jlll (^L^ 4 ^' 
tLla.jljJaJI j i Lia,_a3 j j JJ^JI j t^lla]!j iljaljicaJI jjjUijj oLj-aJlj jjg aallj ^Lall 
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jjjUjj i. '< > si ji3 A-s\\r a\\ (jSj-a Lai .^ISjail! ^ jjiSlj i^UjSI «.UaiJlj 4<JjlSlj 
(j-ojL-ai. 4jljl (jifr ajiiSlj t4-aolo]l 4iUaSI a*li£j i^j-all ^ jkll ClUljaJ 
C-lLal .n 1 r-i £jjjlSI ^UaiS tjj^J (jl ^i/nj . dll-la-all 4j3 jjjj iajjiS-all Jkl^ll (J^S-iiSI 
t5 iii. ^Uaj ^ M^Jalla t—LJjljf 13 (jj^J (jl J 4j»Uaill I^A (j-a el jaj Jjfr t VlgJ <±juilla 
c*l]j£j tJ-la-a UJ^* (3^ J *- i ^- a 'jM iSj 2 ^} (j^J ^)-^ ^^^V <^,^. u " 

.AjaJ^m <— ijl jfU! <LajlLal 'Wuu j dAa-ui Cjl j (jjjpj dlljljp* 

^5 (Jxla-all Cll jiill i^^^i-a (jjoAi^-o Jj3 (j-a .lii} (^ill ^jouJI I j& jaJ^J tj' ' ■ '">■) 
ejl.il djjlill j^l nifl j dlt li\ Clii (j-ajJaJJ .^Lall J-aLaJI jl (_£^-»^ (J^aaSI .Sj-la. (J-al£ 
ta-la-Loill (jjjIjiJIj tAjjjuiaJlj 4 nunSI Cj| IjXalt CiLal^aJLoil j t<£.ljjll j tdLjlijJI 
44jjj3I SLaJ j '^Lui^l J t^ajVl CjISV jiVI J ((jAlaul! J '(^J^ J M » jj^ J 
4 \\n a (j£-aJj . Lj -lur a. LuiLcJ (jAjJaLall JJC-J (jannMoll ^LtaJjuiVlj 4(j.lall jjlaJj 

4_a> jjj (jl ' . lau 4(_£ j! jiall Cj^La* ^-S j .aU-all jj aJt-L Clllj j£-a la-b a (JjjS (j-a 

Jj-la. (jajjg AjoUJj tlsjl ja* (Jjk-i^ <JLa. lg-J jAjsSi ^ir/n ^^jSI (JlxiVl 4^-?-J 4ji aJimVI 
(J ■ ■ il jU. >.l Cllj.la. jl t4-v\U all jlar. ^ (j£-4-a (_jjUa ^ jii jj t^LaSI J»r->q\l 

.jaUaill 4\j3jj j 

(jjj jjjtill j 1 . lfi-oSI Ai!)lxJI AjiaJ li^ ' - ■ ^-^ (j^i j . ^LiJI oU-aiU jj^ia]! Cj^j (jj 
jLiijl Ijiaj t (_>aj > ^ A^J (.g-ic- (J^J-^'j ^JJ^JJJf^J^JJ^' Clli > aJjS J ja> j 

i(5j^l oJlxla CjVIa (c3 ^-ajjJ i'ojjLa]! Jj^aJI (jjj IgjLjjluia (jl ja£.J AjajLa SI 

. (jl^i n\l (JAJ (_paj-a]l jj^Ja (jj^J 1 " ^ ■ ajjS SI 'ijJJ^ jl^cl ■ " li uiS 

Cj^uJI 4-8 

(JsIjaU Aiiaj cj!>U^ai ^jk. ^1 51kWI Ciliajall Sjli diJi jaS 

i_njUVI <£fui l i i taj dlUUj JJC. ^jjjJ ^Uaj (3JjJ I g"'*'^ J' "*J 1 g \j» uS j AjjUjjaJI 
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4tlll.il.lxJI ils!#.!^)3 (_L»JI jjj-" ClL/lajai QAt laJJ 1 .l^ALi-a 4_jc.jjj <daijJI 4jLij-a j 
■ 4-lL«aa u'\l i " ■>. . all j tjj^atjllj idll-lxAjlj jl j-all «.l^j)j tojj ji-all aU-all LllU-aS j 
(_>jajl3 ClLyla_ujj coLudl lil^lfriuil <_£/la. (j-a Ajjjj-a (J jir , ujdl l ^»Uaj ("ll jLaC jl 
tlAjl ja. ( . n i pi j flj 4^cjJall A laa ^ ^jj^j^aj ^^A 3 Jaijuiaj t . )Ljjqij | j tJaijuiall 
.^Uaill x_;jjj ^iLaj ajjlx-a ^ 4, j i nl i u ) CliljLull oi& <jj . (jj^aull 

tC-lLal At (jc- 4aiu^a3J dsLa_alx<aj Jajl^ja. x_jjjjll ^»Uaj JjJJjJ (j <\ i on 
,_Lil£J Al^aiia Jajl ja. ^Jc. La jaC 4 M -s oil j»2j .AjLu^all £tJjtj j 4(j}jl jajl dlUja j 
jajlaaJI j ^Uaj Jajl jajl JgJaJ .a-ijLall 4-a.laJI dlX^ajj £jjjjll fUaj 

t^cjJall CliUaa-aj cjyjaall dsLI ja.j cjjjijajl dslAj2j cdiLal <\i j cAjuajjll 
iJSVI ^gic- jiiuca.^>A jjlLkj (j-a alV'luifl £3_ttAJI (jc. dsLajIxAj t(_£jaj l1)Lajoi3j 
. L-J j i nl -s 1L <_Li*J f a ' ^Uaj jl ( " ) <\'\ya ^jows (j-ajJa Jajl^aJI JaSa. (j^-aJ . (jjiajlj 
(Jajui 4iUaJ ^ 4auJa«a j i jy^aj (jl ja. j t Jjj ^ja. jS j t ^Laj^a <_J£ CllLa jLua 

4^aJlj cIa jl^ia j tl$-aa*a.j tUpa-aj j 4*oljVI SIjSH (jc- CllLa jla-a oi& 

4-aiajl <_Uil£j ,4jl u oil j (jliisall <_Jau-uj t Uj^aUj^a j 4jjl3_all AjLu^all ojjjjj tAjuL-^all 
a^C-la] 4jj\_u]| JJC- LllLajLuall £-a A-l]jj l ja SI 4_uLull dll llaa al l 4_i2l^)*aJI dsLajla-all 
CLlLlLlJ (_^a^)*l ^L-alj^jll I^A ^al-lajjoil (jfLaJj . .laJj ^jj-ula. ^c-aLl^)J (j-ajJa djljLull 
4jaJ^)a. ^IjjV jl t4jaJ^)aJI (^jic 'olilLa (JJ^a. AAjS (JLa 4J^a-a ^- jjJa^a (J ja. 

. jUill ^Jaa j tdil jj^aullj cdiblaxJIj i eliLaLaj^ill Clili jj^iS ^jic. 

Cj^1£ jll Jja (> 4jjliaA <aJlxlll oUall ^ CjI jliia.^1 ^j^xj .^Jaa-all JjiJS 
Aj-a jJI djljliia.^/1 (jAjJaJJ .L_jjjiill oL^a (jidjlLaJ (_^ij oU-all <Jfr jj jl ladl <jj jjlill 
JjlLajll jaJu LajjJ .a Ac J&\ jl ^Lj-ajS J^al-a ^1 AiLuial tllLujl j^ll (JJLaJ 
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tCjULaaJU j-aj .4jjjJafr!lllj <jj,..^>».SI a\A i <JJj^ll 

Jj±L\ oUaJI AjLj] ojxjuJI J ajj£*J <ll jl jiaJ !^La3 i^j±L*l\ q^JW 4^11x111 

Jk^ 3-aJU-aJI cUut ^ AiL^aJI jaII tUUa£ j CjIc ja. jl US .^UjjVI 

Cjtf-lx-aj tAjjUill aUall j t^iLilaJI oLaSI 4-La£ ^Uuij^l J 4-1a£1I CjUUj . ^ .1 .^ij 
jl£ jli .oLtaJI CllLllijj tdlba ."j^H Juj-all (JjjoiaJI ^ aJdj sLiaII Ja3j t^ji^-aJI 

^^jja JaiuJaj .^tjJall c-Ljji ^ l_Sjjaiia]l j ^j^Jjlluill (_J jJjuiaII t ■ Uuil Uj t^r 
l-i;>^>\ j AjLlj-all <Uj.laJ £laI jj j3jJJ .4jt u^illj t4iUall t^l^il^jjujl j t c_L jj^=li\\ 

£&j lf\ ^3 CjUUjII 4frLL A-uHaI -lSJ^ q^J^J 

.JJjlijll 4jti£j (JJl^Jlll Ljl Cl-L^ 7» mil jSjJJ t<Jj» ' si jj-lJ 

44jLli^aJI j t Jjauaoll dsljljiklj t^JJJ-N .nil (Jjllaall (_£jjjuJ JJJ^J U *"*'*' b 
£ j>all JJJ^I j>^J jl ^jAjil .AilSJI jfr uLiLuj tAjjUxJ^II djlfrj^JI j « JLa&Vl J 
4 dl|^lill j t<Jjfl > <*ll MjjjsJI lIAjjIaII jiSljJ jfr 'i-lla-a CIiIajLla t jj^lg'uuall ^^ifr 
JaLSuIl j iAjjj^asJI O0i A jA\ j tAjjjJafriUI ^JjIaAII -il _>a1I j 4 AjjIj jjall JaI j 
<J j)\ a\\ £tjLli3l (jjlij jl .sLiaIIj dll jjgVill ^ J j^. j«a]l ^c\juj^\ 

Igjjal jj (_£-1a jfr dlLa^alxAj l^J ^^^j^^iaII j ajjLall <Lal»JI A a ■ all ClAjjILuiAJ 

.Ajjl^a.^1 c_JjJaJLj jl sLiaII <Jfr _aj t-JjjlsiJ Jjg H jUxuj t_l jII»aSI jA j 
CjUikLaj tjUlkVI CjI* I jaJj t5jal^all tliUlLla lilLjjjl 4jjIjs.VI v_ljJ*il j-"^-"'"' 
L_l jjfr ^ <6l j AjjI ja.VI J^LLalb j\ju!^\ jl .Lgifr ^^-J^l j dllSjtaall 

jjLaJ (j-a oLiaII ^Jfrjj t_j JJC ^clij . 1 I'll > a J j j «jJa<a ^ j lAjl j£j taLl-all <Jfr _aj 

>t jjiJjlLa]l ^-a (_33l jjll (J j 7- 11 » all ^-^Jj 'La ^ _»1a3 'LLala&Vl C-lljj"un<\\l 

^ jjJaj-aJ lij^ajj tAjjJb^al ^^jll <11S jll AjjA ij^J jIxjoiVI j a 1 iaJJ jl ■ ■ laJ 
jLli-aV (jiaja-all djjUJl iL^a jj tiillgji£U Ajau^all ^LaA^U LauJalj UUjj tjUjiVI 
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^Jc. (J jj^xaJl e_sj| jA ^alijlj «.LojoiIj <Lajla j iAl& uLall ^ja i aJJ 1 Ift Ijflju (_£jLaJ 

.AjsLjal CjLajix-a 

f U3! 4iaaUJI 5-8 

t MaJ ^-jIaJI lil^l^luj^i (jj La£ . Jjalj-all £jjai jj (jj-iJ 4_uLa diLila ^l^aHuil ojLjj 
4 lai l a J jj 4ja. jj j£aJ .X-al oJj^JI aUajLi CjI jj^aull c_sl jjlJ <j>a 

.^jjjjll ^llai ^ J jaall 4^_a.j jl tjjjljjll lil^ajail La] aLtail <_ j 1c 

' jjjjil tiEilgiJ (jf-ijsVl olaj aVlA\ i _ s lc A Saal -\ <ill ^-^.J^ -1-aJju 

^juiajj i4jjLa o«li£ dlli CjjJjJI A j-v , ^. CliLu£jj ' . uS jpj I Jj* aa SI ' '°.'' a "'" , 

■IcLuwi jol ' ajiinll g-oUjJ (j! (jxs ^E-jlbj 1 frjlfc 3 Saal - all ^gje ^a uS oLl&11 CjVa*-o 

jjjaJ Vlii (jj^J (jl <_J-aJa-all jjc. ja 4jli (^jaJ j^'ja, ■jj^-J jj - ^ ^ l u, '"^ 

J&Vl cjliukill tLjajl <Slla tjal UUa .41.*,..' ^1 ajjUI CjU£jj]I j] t^»jll 

V'^ (j -0 ljJJa-« *J v La] J_ag aa 13 U^jS jj^J a^i-^?- <^-sleLijj ^^S (j-a^J lalaj 
.LaA^ilS jl cc_ajj-£ill oLus £_J^* tjs* <l yu~ a Ljj2 AaJjj jl jl iaL%a]lj 

if. US (Iilj 4aa»ua ^lAOaj CjLu£ jj 

4_n£JI (jjaliaJI aLw ^^Jo 4 M -s all frLuojV 4jJ J ] <JaijLa-a JjJasI (jj 
jjjaj ojIc]j tSjJjaJI <JjjVI ^ <jllc a«.US Cjlj Ajau^a CjlOj^aJ C1jU£jj 
(_gjj ja (Jj3 jjxi LJLa 4-ajC.O-a (jjSj La Ullc. t4-ajU3l (jSLowJI A-aJOall CjLuSjoII 
JjlLa SfrU£ll <Ac di£jsl\ Oj^j SjltJ t-iljjjb jj^Sj] j .oUaILi 4jjOAll 
^(2000-1999) cM^ j 'J 2 ^ tCjUljj ti^Lu ^Ull tS^I jll ijJt\ 
(2003- LujjaJl£j t(EBMWD) ^ AjM ^Ul ^ulaVI 3sV.io 

AJiaU-all AjojIjj ti iLiLu 4aialla ->Tim ^ La ^ .Ijjjjia tUalj j c2001) 

.(2004-2002) Lwlj aUa a jSlj ^ AjjUl Jjlaliaj! aL>a 
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60 t^J^ JajoijjA ^j^lj aA^ ^ C1iI.1i.1aJ t " \\ Jj£ JJ IjjSjj ^aJ (jjillj 

("it ^7. 4 Jj^AjII (Ja (_gJI _a^- -i*Jj . JJjli»-a j 4 (jji j J dlLi^a j 4 (jjJ^La 

. j^d Jj.laull 0«j CjbUi aIas. lj*a=>. US 4(jjC-_oAuJ (_£.!« Jtc. djUjkJI 

^l-laiailj (J^aaSI (Ja (jl£ 4 ( _ s j£juJI oIaaII .jl-laJ iaJJ CllljLlJ i " " ■ ■ 

jjj>^ L_ijjaiLa. ^IkLuol j .10 sec aj^a Lr^j d-^ij t_ iIaju^VI tjc. 5iaj "-^U 

illLaj^aJ J-laJ (jl i4_i3lS 4i.ll L -jLl o u VI £JJJ (^jlc. jjlS (j_JJ^' 'J^j UJ^" 1 ^^^V 
aJj .(jSjuuill ^ <J^£all lllljJiajll Cllll£jJj till (>a ia-aj ^jJjaJI i— lUud^l 

(jjjl j^VI dlLai jaj 4(j^Lla.l J-all AjLahV'unI j Ajljj^A t_jL}Jaijl ^la3 <j£ l*LSLsj 

4_u&i]l al^Jj .LlLjjuollj jJjlii^aJI j CllLaLaaJlj idllj^LaJlj t(^pdj!iLa]l CjVUiiC. j 
4(j£jai«a]l (jew'si aLiaSI <J3 - (jlS-all (jfr AiLa.} <1 lULlJ £A> (j^-«J -sll 

6-8 j£^>ll (jjlil J°^-" OJ"^ yUj' Jj^"' JJC aLl-a]! jl!lC. ^ lilljj 

■ Aj^jII o^lfrl .l*Jj -ll.wMI ojlc-l (JjS JjlaJI tJAj-b Jj3 J£l sIiaSI J^LoiV <Jjlall 

38.9 gpcd (^Jj 77.2 gpcd t> Jjiall t>uia bLaH JaI*a1I ^I.vVu.iVI t^aSls ji] 
38.3 ^ lP^VI Jiu J *J\ a/person, d 147 (292 1/person. d) 
18.8 gpcd t> m j^l {j-aSUSj .%49.6 Jiju U t (145 1/person. d) gpcd 
J\ %24.4 o- y t (14 1/person. d J\ 71 1/person. d) 3.7 gpcd J\ 

^Ijj CjUjxuJ AjjoiLuiI OJjj^aJ dljlS (j^J J*^ dlljJjaU dljl£ jil .%9.4 

4(L^u JS1 %20.1) u4±A\ aIL^j j*SI 4^ (%23.5) f ^„„ 

.(_)jjja1a JJ*J (jj^> > (JjoiIxa j (jJa!_&a.Sn ^JJ ^1 \ o'nj .(%16.0) JJjLi*^a]l 



674 




plJiWif Sjjiafl (JjUj (^jJ U»U »U« s jjIj ^ kuSuJl JjHiJI sU» ^ iIa2U»»JI 2uJ jJ :6-8 Jli 

(Aquacraft. Inc. 

i^^lS t jjjLLji (jjlujljj a. iljloj ciul£ 
£Lj (241 1/person. d) 63.6 gpcd oj^l Ji c^Sl^VI t Jjlua 
t£lgiu£U ( _p 3 U^j\ Aauuj (151 1/person. d) gpcd 39.9 dij^jll <£X$1^\ 
60.4 gpcd dij^l Ji ^IXs^VI jlS (EBMWD) ^ j .37.3% cjiL JjiJ 
<W> (161 1/person. d) 43.9 gpcd e^u ^Lj (229 1/person. d) 

oLiaII J 1 Vl i nl t— l^a-J (j! (j£-aJ LuL J >%39 < " lr\ i Jjiall liEilgiuL/U (j^aliijl 
dsljjiall .(joiiial] Ixjj c4jjaJI j^Jjl <j-a Jg-" cs^ W^J^ £J^" 

^LalVlnirtll oLtaJI 4ja£ j^Jc Ijj^i^a Jjia 986 5 (jALaJI A^1jJ^\ ^ AjL^aall 

%90 AInjaij La ^jiaJI ^Lall ^l-Xiiail ^ 2002 ^Ic- Jjiall (JAjJa 

jjg-aajl t^J-lj |=J La (j£J j nil^l^luiVI < ajaAJ talari] ^^Icl (j^a^ij (j^-aJ 
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La a\\ lil^l^luiVI ' . "* ' ^ (ja J ' JJ(S '"'> ^ (jl 4_uLall aUllall 

<jj^J t(_5^LjJC.Vi JjiaJI ^^LoiVI (_Jj3 (j^ ajOLa La£ (La LuJ "Lta£ jj.} 

C-lJLi Aij^aJI ^gj <j-a J^^l jfLaJ S-uL> i>a j . till Jj.laj3l CLlLu^jJ JI.}jU 

.aUaJI j^A j JjI jll Jjjll Jt JjiaJI lillLa C-jSUj fl.lC.Lala lllV^aua J j.i»J 
4 aJdj f^&h "I (j-a jjuolit^all j (jjjjLaJill j_a-a i n a II t aflaJ jl ^^.j-allj 
j^ ; 'ajgVill ^KhI JJ^>fj LJlc. &aj t<Lo1 > ajSl jal j^Jj .4jtiij^>All jLuoiSH 
.frLall J l^J ■ J Sjlcj jJ_aiuj cLaJI liDLpjai! 

CflLva dlLL^a. elja>lj t^jJI jac. La (j}3^a (Jjj j,a *.La]| Jc <UaaL^aJI lAlj 
CljLuxailj LjJ i n"i-J j£-«J V oLiaII t"il)<\^ t <J^"' ' '< \ } diL^uull ( Lai£J 

fl UJ cijLL^ eij^V 2LL.IS1I j3I jill jli *LJ Jc ^LaUJI J\ 2JL±\ .U&A 

jjc. diL^joull 4 ajaj t"Q^"i jl j^-aJ ^11 ajjlaiJI (JUaC-VI £l°J t ^.Wall 
%85 4^ Ajailiall CjLxxuJ CLuuL I j] lija. jj£j c4lalc S.}e.li& j .AaAj^xall 

CjLL^J ^Wu jll J jLVl jl .^Uull flL>a]L Jjq'II t> J&l Jc %90 J! 

.(—j^jouII t q.n'sj L_iLujdjVI L? A $.LaJI 

(-jLujoj^l (JJJJSJ ^1 -LuUJjJI cllljlOxJI 3jb L-H 3 ^ 'La ^Uaj £tjaui Iojj 
<JLuw> j iic ^-A ljjjLI -kk Jj i-llWiVI O^LSl 4juUJI oLlSfl J -^jj^l ^»Uaj ^Jj 
4jalia-a I-j-UjUI ^ lIiLLjouV ! <_]>a ^"ij t 8jJa (J^Ls (j^-<y • t — 1 J^ L r 1 j$ ' . 'Luijl 
.jJajj fljiaa W^^a ^Jala jjc lj3>a <j1 (j^J -%2± <3^J ^laA,Vl 

t^^LaC. JJC- oLaII 1 ■ )Lma (_3J3-2J c-lijl ^ AjjSjuJI Cjljl^aJI jL^' C) (j- 4 f^^^J 

Jja i in 11 fl jjt > .-ill dlbliaJI Jjx I J^ajj .tliljloi 10-8 ^J-la ^JjJ J > "1 » 

. Ulx3 A£. oLaII (_^a (_Jal AjjjlLaJI l— ll tjj«1I (jj^J (jl ^^J^ (Lg-aJjlalj ^Jj-all 



676 



f Ull cjV'A- 6-8 

<La.laJl ( ijllSj ^ jVnir*i (jA 4 j£ aJ ^ JC- sLaII (jS^ (j-^J (j' ' ■ 'T*J 

tjjj^ll <A.liJj 44jLu^allj JjauSoll dlliiil AjjujLuiSH Jul jxl\ (JjUILlLo j .4j.uillftll 
^Lall (JSjaJI dllauai jjl j C<L jJjIaSI CjUlal j-^VI j JjI jAll t*l]j ^ IaJ 

■ijljjj] ^^JtflJ V J .^IaM aUaill jI^aLoiI <—i-^J 4 Saa *\\\ Jl-ifijuiVj tig IbaiAJ j 
l «l\K"l\l j'^SJ L^ajl (^ajjj <Jj '43 JJ*- 4 J^l -iaSa (_^su jl 4 f. ^ all 

C A^l^lui al l ot ba ll *LloSj ■y'll l ( a ^jc. coLiaII 1 ^ S I < ** 'V ^* all ^-iij djl ^ alui 

Ajlu^a ^gi A LajJaLaSl t 8jll£j]ljj t JLaacLoiVl CllUliala jl JIascLjjVI ds^-lxAJj 

t jl (^i-uj 31 .Aillk-aJI CjUall oiA Cjla^k i_aJ£j CjLLua. ^ 

a jjj lip! friml (J^*-* tillfrLjia ( ■ lilalj 4^}Ha9 <La.iiJl £a Aj3l£!La 4_uj1aSI 

CS^^J S-W^J ' " ^ r ' " L - ■ '"'l-*- ■ '— " 4til^l gJjuiVl Jojjjjjaj 4jjlLa (Jlfc 
jIjaIuAj oLiaSI ^ IaJj aJ 4jfU 4 4j Ajjliall (JjIS ^^IS tiO-frlml tillfrluiA (Ja 

^jI jxl\ AjuS :AijVl ^UjjLjVI 4_iJjJ1 Cj^U-al! sUa]! CljV^-a JJ^SJ l >uijJ 

4j3 JS ^ Jjlou (jill j oUaJl CLiV^t-a ^ j 4-a^k diUlkLaj 

j^jjaj (j^Li (.)1W\; JJ^I I^A j .4-aiiJl ^^Sil IgJ ^iLaiJall ( Llll£jll JjLj 
I^j ^jI^oj ^1 4jkwall i-i laa j (jjb jll (>> Aj3 J^] sUaII liJ^il^l^l 
>( j jL\ JaI jC j AjcLaj^I CliUiLlallj 
<Ljia ^Jix^aAJ 4il£Jl ^jUi jj <a^=JI Ail£ (j ^ij > ^\"\ CllLuSj (_^^.J ^1 jUiu 

CLiV^xaj plij^U ^l^aJl JJ3 jll t_iJall (jjll£j JaJJJJ -UJ^j^l J J 
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V^l u -'~ JLM <jJj cJull^l 

dil ilLiLaj ^Ltj^U ^aj^iaII 4jaa-a]l (j- 0 Jjr uS <— aJl^jj t^l^aJLaiVI 

(JJ^\ 4_jaLja) liJlSj j tAjjLuu^ll J jaII j tAiUall lilMgjJ ^_aJl£i ^JaJ .0 jjill 
,_^aij <La.iij JaJJjjS * ajfl Lai .AjaulaJI oLjaII "Uc-jj JJ*i J^*-^ 

.4-a^JI j 4jLu^> j 

diLdiaiLa (JjjLoiI ^^Jc Lo jj3 jSjjl J§ *L^alaJI dlUiJI (_>ia*J qa jUj t^^-a jJI 

.Aac-Lu^JI j cAjjUoII j tAjjSjuJI ^ LjJjlaj dj^jJI iliUall j .4_pLik-l jjc. AjjIuj 
toLlxiJI ^1 lalL nV 'ajoAA jj ajl > ^tn jji (jj-a .^'lum lilliA (jj^J -iS ^Uaj (JS ts^J 
. ( " )1 r a\ ~\ \l£ i i " )l i n i hJ^aII JlLa t!^ i <aiLa IjLucI 1 g -s ia i ■ la j 

(j_aj^ll ^LuaJ 4iK Aajxj .AjaKJI Ajxjj (JjUjoiIj (_JaJ (jA ojLtLaII i— lUAj 

CLlLaiaJI lie ^yi\jJ\ ^^Jc (jjjjll < (j^i iiVl ^aJ (_5jluJI ^^aJLoL>U laJJ 

L- Ljl . ^><\; ^Ltj^U 4aal£ OjIjC. Jj > aaal J jAa. i " ini I jjaJj .<LjiUa5I 

(—l^ill oLa ^llVunl sjjjfll 'Lj^iaj AjL^U (J^JC- (jij La .4jjL<JI aLuilall 

^cjIjj^ j»Uaj jjjSj ^1!>L^1jVI a jjjS duj Jal .jiLall ( _ s ic. Aji»aLa-a]| ^j-s un\ 1 jU a 

cu ft/monthj 0 ojj L^^i^iujl ^jljlj s^l j ijJi <=>^j& UUi c^ja&L^jj 
2000 u^j ^2000 ft/month j 1000 u^j d $ /day ^ 1000 

4000 cu ft/month c> JiSL ^j^lj ^3000 cu ft/month, 
ajIIc Sj^a-a tijljj^aj ^jj^joj Jjia ^J^iL^I .5 $ per day ^Jj 
^U-jjjil! tj^Ja 600 cu ft/month j^j ^Jj (j^UJil a*jJ <iiaL ta^U^ll 

1 > gajjj > n ^ Lai ,^"1 1 J (^C-Vl <aj^>jill (jAjJaiLai . Jji-all (JAjJa sUaII al^aJLaiV ^gJjVI 
o^lc (jj^J (J^j-^l U^' ^ J * t-JJJuiil LaJ^)lj t^^all (3^311 *l_»sJI 4^ ftLlall 
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•5 $ per month <^lj J^y cjLla^J ?l jaJ 
7-8 

t^ifijj tSCADA t> Li-a bJ ajjUI aLiiall <jal^a ^LLj i_ilkj 

liSlj ,J LaJ iUal j-a Igjjj J ji^ll jj^J (2)1 j AliLa C_SjC- (J 4_)<jI^>a]I ^Uaj CllljjfLa 
i^WjoiI dll.lU.LaJ £-»-<a J ^»/'J .AjjUJI JjJalLaJI ^^ifr AjlSjJI j^xi *^J J L>°^ 

^a^J ^Ji^ifl JJC- (J^aLijoil Jj3 j^> W^j <-) j^*d ^ 1 j 3kJ 4^ 

' ■ U^Jpj ^^j-ajJ t<J^.jLkll t'^Ku'i'ilU SCADA cJj*Jj2 ^Uaj <_1LojJ Lajjfr j .liiljj 
<ik*alja (j- 4 ^jLa^U t ^la-all 4-ajj Cjla j a j 4jjlil! jl j.laJl£ AjjjjoiLs. Ljl i u j 

<JLa. diULnll jIjjIioiIj ^L^jiail j^-alil] AjJal n-sl ^tjaij ^)3jJ ( . laj .dll£fuill 

.4jjI£ ill j^a. 

£ys 4jIS jUj Aj*a\ "-rJJJ^i ob-a (jL-ajJal l_l _allxa j-al aLuill 4 \\ r a A jaa <i j)<al (j) 
alo-all jj! > <-i <\\ U£xua IjjJj tjUjcVlj (JjLo j aUaj Aa.L jl I ■ La-j .JjjIjaJI 
lillj CjjJ^. jl * JJ > nl f&yLlj .4 jVj-N I JJJ jl jl Lu^a Lja ja. jl£l eljxu 

jLajJa] (JaC- <Uai. ^)3jJJ (jl < . 1~>J j .4jjLa]| oLuilaJlj jljjJaVI <— a^J (J^j 

jj til jliJU <>lc.jj Jj! ^ J CllLul 4jjl£aj 
tllLJVI J J^-i SaAj-aij S j^ta. jjIjjoij oLilall ClslfLSio-a Vij-s o Jal&j jl l ■ la>J 
7 ft j^J <clijjl 4jaj|jla jbuiaa ^ ^UjoiJ tiillj j^l (Jj'^M ( _ s j^jJj .sLLaJlj 
20 ft l^aj& <JUk Aallaijl AliaLa ^a 44£jLill (ilX^Vl j^a 8 J 

Aj jj aUojujI jj 4jJ js. joSVI t- ililVI 4j| joj Oaj jc. ^^Ml ^aJJj .^LujJI Jaa. ^J^> 

.SA^I j AaJaS jpi AjjfLa 4il jla 

L_SLlL jSjJJj .Ignl u j-a (^j-iia jl 4 lf \ a\\ tj-ajl J^-^ cJ 3 ^ 3 ^ 9 <J^^ jj Ij^ 4 
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AjaiJI i<kiiaJt jl Ajfrlill 3-aLjVl ^lli Laj (jljli.^1 i— iu£ dll jmSluia j)-a £_uil j 
^ La t Ljj£ till jj 44_La-a]l (_Hajl 4-1 jaj J^*-^° jl "—y^ ^JJ (J^ t — iAjjjaII jl 
4 4_jjj»*aJ i-_ aUll C1l)LI£j jl ^lajjl Clll j » . ui l mA J -Sjjj (jl ^l-luill j£-aJ jl 
^- jjjj i—aLJI <_1A^ ^"^j ^ jl ^^}"»^ U' n ~* <— UC- La ^a Ijliij lL^JP 

jj .lii j^a (Jja.jll <JiLxa]l (Jj3 (ja J^V^ UJ^ j^ (j^J (J^-V <-_Sjj^aJ <^l 

JJC- 1 i aa ui jjfcl j t4_la.jL=JI llASI jja>VI £ial <Jjjlj <-aiajl (jfr a jLlft j£j La J£ 
•LjjjjjSlI (JjaJ Clll-la-a t ■ j) .a-li^a j£-aJ (j« t J» > <-il A a\\ tja.|j (j-a ^JJ-a 

t>jj AaLkJI ^^aojoil (jAj !>L>jai "t>J£M fSL ij jaJI 4ilLj [^jla J 3iLLJI ^LUa£ 

<J ja. all j-a .laJ (jl Ajj jjJ^JJ (J ja. J till a*-a ^1 aaJjaiV (j^-aJ . JOa-a l_J.lj ^jil Lj-al < l*»"u>il 
Cj| jxal£j ajj jA\ ASi jjjaliJI 4iiiua]l CjIjU ^ahlV jLaJ LaS .^J-uiajl (jLliaJI J) 
(j-a (j-alajoiVI jl ^^/Laall jaliLxall £^JJ (jl j^-^l Ki"* JJ^J < -- J l J^-^J 

till JXalilJ j^aJ .lajla. J Mala J ja.oll tAa (jLlia ,J jja ja. jaII 2 J| (J^.| J 
bjjij jlajVI jl£ lit La jjaaj ac-Louj tejjjaull JLac-Sf 4 L, , ^aaj jl 

Jl ^ J La ijijS JaJij AlaSjll 4ik<a]l 4ajjjjali]| SjljJI 4_jisj Ciloiaj aaJ .Lul jja jl 

t<_Lia3l ljjj.-a 4j-aaj]l jJ-llill dl^ ^ una |L -^? uiallj clll JJ^K\I t (j^aLu 

. (J-aLill (j-aV I ^Uai ^Lal^J (J^juiI Lgj (jfr a j^ilfr 
Cjlfrl J>yLl I j-a jjil jl Ajjij^ll Jl j-aJL 3 La all ^J^a j Jc L_LaJ LaS 
^sjujIj i"i\l <aUaJI (jfc ajjji-aj tjlj-aJI ftlluUj Uhno IjLixul jl .AjliaJ 'a^a-aJI 

4«.lj*i3l ' ■ llLj AjjlLaJL jlj-aJI jpjai jLj (j-sxaJ j (jl j>aJI -J^ ^J^lJai (_5ASI (JjLuiSI 

Clljj ^hVu.il jLuc-^Ll ia.Vl ^Tin La£ .^Ijai ^ J Laj t^kawJL 

.aU-aJI A -\ \\ ha A V>> <n JL _a-a j£] Ajji-a 4j»r->-\ ui L_ijjju <a.jl j 'a^aa-a 

1. United States, Environmental Protection Agency (EPA). Cross-Connection 
Control Manual. Washington, DC: EPA, 2003. 
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2. Cryptosporidium and Water: A Public Health Handbook. Atlanta, Georgia: 
Working Group on Waterborne Cryptosporidiosis, Centers for Disease Control 
and Prevention, National Center for Infectious Diseases, Atlanta, Georgia, 1997. 

3. United States, Environmental Protection Agency (EPA). Guidance Manual 

Surveys of Public Water Systems, Surface Water and 
Ground Water Under Direct Influence (GWUDI). Washington, DC: EPA, 
1999. 

4. Drinking Water Inspectorate. Drinking Water 2000: Annual Report. London: 

The Inspectorate, 2001. <http://www.dwi.gov.uk/pubs/annrepo0/42.htm>. 

5. "Tampa Water Department Residential Water Conservation Study: Impacts of 

High Efficiency Plumbing Fixture Retrofits in Single-Family Homes." 
Submitted to Tampa Water Department and The United States Environmental 
Protection Agency; Prepared by Peter W. Mayer [et al.]. Aquacraft, Inc. Water 
Engineering and Management, 8 January 2004, <http://www.tomthetoiletman. 
com/tampa_report.pdf>. 



. tllLaLu-al! j JjlsljaJI CllU j3 ( _ s Jc. (jiLualll AjoUJjll till jixaJL 4-ajli £jJa 1-8 

?CllLa1 <u snW (jplc-)j £ca3 La 
IgjS ^g-a^vJ ,^11 (jjialL A^ajla £jJa ?4-a$-a <UjJaj*JI Cl^L^a jll Jjiu Lai 2-8 

. i_]<\"l^» rt\ Cll jlj ^ya i a jj^a ^Llaj 

J jaa oL>j 4j ^Ljall Jjaj-all (jaTy; a\ ilA^ J ?eLall .iaa j-iL-^a La 3-8 

?*Lall 

elsl&jS 3 j»l^aJLoiLl £jjjdll |»Uaj (j<\> >i Jjjja- oLua i . iLj > n'll jLni.1 j^jl 4-8 
JaxjJa jlSj .((_l2-8) J£iJI ^ j-a jA La£ (2 in. a jjaS jLljj Cjlj (JJJ^. 

j-a R <A jail ^ ki i all Vijft LailJ 12 Psi (jSl jaJI j3 ^ til jJJJ (_! jfil 

^UilLal t-i^lia Uuj^ull Ja .20 Psi ci^l Uu^^ull c_u^1 .43 Psi ^1 50 
?1500 gpm — j \±£L* Alkla (jjj^. 

jLui.1 Lit > 800 gpm (J^J^ 1 't'W^' jW^-' J^Li. (jiSJI <— SJjj^aall 5-8 

.20 Psi £a-JI ^aiLall Joi^oll jlS j 45 Psi ^I^VI jl£ .27 Psi ^Lj 

?J la tail > '<-y\\ (_L>I (j-a L- Lji nnll jl-iLa La 
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jjjiaJ! <> *U <12 in. s jJaa j 3400 in. aIj^ ^ j Jaj Jai. Jaij 6-8 

gpm AjjLvjII j 4_ufLJI dUUaLallj *-Li£U JjjIj^JI t-iUjaul ^Lj .^jjjj ^»Uaj ^gJj 

2500 gpm cjl •> aij^l i^UIji t5 J S j>JI cjUuJaxll j .2500 
4-3 SjSaJI jkit) 100 = C (j^ c_uAia ^iiLo tiJLiA cJa .63 Psi -L^-a 

?( j*U j - j jU aLUaJ 

<ia^ La» JS U jsJh jjift till jlaiJI ^ La tA-alc JJjUjj 7-8 

<LoLJI l_i jjujUsJI AoiLi] (j^AJ ( SjS j^^V 4 S- 1 ^^-J tbaJala £t-ajjus ^Vi toJjLa 
?CjLsuij-a]Ls f£aull <ji JjiJull <_Ulc OcLau jl 4-8 <_&^ 
?oUaJb jjg Vill AluJI Aac. jjJI j^U^o ^ La 8-8 
^jjC- ^»LiJI aL-alL dll jj^aj ^^ifr *Uia j^)Lall sL-all <JC. jj __)^l _aa. La 9-8 

(j>a jj-ajJaJ (jl oJ^*J-a]l __)^l_asil (j^-aJ t \fi ?£jjjj]lj 4_aJL<-a]l 

?*LJI yJij jLui] Ja^I JjS jLu&VL ^iaii jl£ ^ill La 10-8 
?^,^l ^uuJI ^ jLu&VL & jaJ <Jk jij ^iB La 11-8 

?4jjLa aLilal jJ^aill (-3 ^IjAjJaJ <— ta. jjj (^^1 La 12-8 

(IlUI J*.yi La ? S L>a]l ^Jc 4iiaL^all fg£ ^ . jlaJ Lttjlj ^ jll La 13-8 

sUa t5 lc 4 Lai -s all <jJjJ ^ 4La0iloi!aJI ^jjjoiLsJI Jj> ■ .nil 4jjSJ t 14-8 
^Lall J ikjj nl (j^aSLul Ajjlall Al»n'l\l Jaj^jla jl^La La .Lulj ^ 4jjSjaJI Jjlaliall 
(jjj^ll diLjj-aj 4 (jj*£>La]l eliVLoiC-j tjjhi-sl^aJ a-l^Jjll s^joiVI (JjLba -Ij-iau 

?4_Jlc. CjI*U£ Cj|j JOjLu^j 
4jLaa. ^ jLucVL Ujai '-r'^JJJ (j*^ AjaAjLall jj^aLutSI ^ La 15-8 

?2UUI CjUioll 
?^UJI dj^^-a jj^Sll 4-a^oJall Uull^UI ^ La 16-8 
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9 (MS 

^^>ia jg3 it ^>\l L_ajj-iill Lai .dlLuum^all j 4ac.1 i> ^>\l 4jiu$\j 4_ufLaill JjlalLaJI 

^ilaj-iS-aJI jA 4_u.XaJI Ljji<a]| aLl«aj <aJ dlLilaj I — lluu n j^a (j/s <— aj j > r-\\\\ 

aU^*, ^JU-all Aoau^JI jjjL>JI ^ ^W^t (J Jc. AJV^U -v^Ati ^UJl 

L_slaJI (jjiSlall LllLLuoul 4jJa jiua jj jLa-a <k jj t t*U j AiLjaj . 4jj.laJI <aJU-a 

jjc. (Ji,|j ( . iLwuV j ^jli^l] (jfLaJ La£ .<aJlaua]l 4 It* <i 4^jlkLall jj jl 7. <\\l j-a 
.^UaiU Ljjjj-oj 1 SaJaa .n 1-9 JS-^JJ ( -r J ^^' ^-^-^ U' 'lWJ^'^' 1 

Aii^aSla jJjL>-a ^fl t *«.i.T»lt oLia] ^^aJajoill jL)^}aJI ^<f>J t, " i\ » Will ( -ih» a j 
^La (_£ ja-a 4-ljal ^gJJ Jajj iliui Igifr L_ Sj*J V 4j\^,n j 4jC.li-a d^L-a j Cllj 

t£- jl jJill j t^U,„Nfl ^Jc- (j-a llAj jLaJI jUa^aVl ah-a (JjuixJ 7- A » * !>L lgj3 

jlkaVl aUa Cjliaj J jV <J jLaJI j*aj j! fC-JLj t<_S ja.! (jLlia j-a j 

4jjtLa LujoiJ 4 LjJ > >i <L*aiia I a>^ir. aUa 4-alaj^ AjJSII 4_ia£]| jl Vj tajjiaa. jj£j 
aLl-a I^jS ^ aaj a lalxi jjjla-a ^Uaj ,_£^>j£]l (jJ-aJ! (j^ .(_£^)a.l alio Cjla.j^>laJ 

4-^\U,n\l 4 La a (Jiijj a-ia-Lall jjjla-all ,j 1 i\ a St ^juaUtl (_jLimjt (jiajlisu 

Ljjjl a AJaa-aJI aj^a jjLaJJ t—ll-ji.nj^/l JJ-aJ a t^JaJlai *\\ 

(jj lj^> >rn l^)laa.j IjjJaa. Ujjlj t*llj (J^uJ (jl jS-aJj .alalij <JjLa jl^-a 'a^>xulj-a 
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Sjlel Uiji Jiufl jfkj .<aJlju»llj ja*aai! jjjU-» £-» 4aj.ufl i_i j^J! aUa jjUw :l-9 Ji>i 



ftJL t4jiALi (JjiSJI 



Aola-JI i_fl j^ail oUa 1-9 

.^jU-oll ^l,iv<inV Uij t250 j 50 gpcd j£ ^"-qM l-sj^I olxa ^jjLuj 
<450 1/person . d) 120 gpcd ^ 3jU J .jj^l a L. M U^V 2U5Lai ^jall j 
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(jc a! j^xua i4y&iu\\ (jiiill AjfLijLajjjVI dlVlj^utll^ ^Ij-^ <—lljjl j3 JJ (jial jjaL 

AjjjJaxJI ei-all 4_La£ . jjjla-aJI (-AJjUIj tlllaja JaJjll L-ltj>nlVI j ^cJijll <>a*J 

(ja LjjSj 0.24 lb (110 g) Ajla^l l_ijx<a]l ahx ^ UajJ (_>aiJi J£ l$j ^luU jjjll 

t> <^JJ ^jj l^a c jLj cjUI^ ^ BOD j> (90 g) 0.20 lb j AikJ i jJ 

CjULjj jliia.1 j .djLllij Aj jaAL JJ& (_g jl 7. all ^Qaj ^ AjljlaJI ^ljI K<i\I ClUUj 

dlAaj A j\t«, 1 " \\ > ill J2 ^Jl llluij j! I . laJ Ajj l >it II L^j jS j sLls jli t ajAj eaUll 

.(_5^kl <_^IjCj AjL-£ia 4_rktLa dlljjij j^ A^jUII Clsljiijll jjmqil alxll jlia ^gJc. 

JJC. ^jui^)]I f I "1 Jj aoil ojjill (JvIa, ^>jill JajjjiLa ^l.liJiuil j£^sJj 

^ ojjill cs^J^' la"* ' ***^ <— Sjj^ll aLlA Jajoijla Ljbjaijl jli t^jLiic-VI 

.AiJ Jo. ^ ^jJI mU"^ 1 i> %30j %20 — J J&1 Lie cL&s iAj*J 

C_Sjj^a]| oLlo jA Aj-ajJI BOD a] jas. jli t ^^-ttxu j-all ^^clii^all L_SJj^a]l g 1 JJJ ■ ill J j 
CllUai-all ^3 ^jluill iajujlaJI jA j!i£l jl %30 Ajjuiij ^>j£l ojjill JQ-£> (Jvl^ A-la 1 ,-i\l 

0.5 u- J£l) Sj«Sll cjlk^ll %20 c> Jalj (0.5 mgd j- Jat) 5 j^l 

.(mgd 

l " ll 1 11 1 n^a (3-°J AjjfLaJI dj jjjll jj-a a j^Lall CLlLLiiauV I 1-9 (J J-^?>^ J(£ 
JjlaliaJI 1 g VTn ^jj| tdlj j-a (_)3I i__ajj^a alo* Jj-lljallj 4 SilLall dljjjl ^cljJJ .(_j^i.l 
t(jjj|j-all j-a t_ijj^<all aLl«a ajSj aLi-a Aja£ -laiiaj .lgjjgji.1 Ala Ijiaj tAjjSjqJI 

jj (J jT . uuI l <«lilc.Lai 4 _ s ie lS^P''' t " il i i i i n ^a j t^jl i ^i^ll j tt . nKrtll j 

(jl t— iLjjaijl ciiLiA^ V ciiLijjal^JI jl (j^ ^ejlLj .^UJa dil jj^'i 

■ t bJallll j j»UJall Jl^ej J^Lk j^ L^La *eJj| jla l^i^a all* a j3 
ujia oLlo 120 gpcd AjlSUII . tail i_ajjL<all aLiAl 4juLill 4-ajill j a > aJJ 
j^elL^all ^^>Wl H/iiu'i I g ca jiia-a Aoa£ AiLia] Aac-ll^a j AjjfLai 

(3lalla]| (jiaxj j .aUaJI ^Jc A !a3l ^ o\l 1. 1^1 .^11 LjUoiiVI (j^UiiVlj 
BOD JJ^IjJ SjUj ^fl jiifcU L_al£ ia. ^31 t_jUuojVI aUall ^ AJaaUJI Ciiii 
jLui.1 t^JtJijj '100 gpcd j 80 gpcd jJJ c-iUjouVI ^ jljJJ .Aala-all j| jaII 

CLlbUJj t^lsdall i^-Vj cAjLxaII aUJI AaoJal tSllj^j ,x-a L-Lj.^MI <1 ja^. jj^ljJ 
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j*Jj nil i) J»Jj t^aJUi (JjS 1—SJjl^II sLj-a > aa (jj . L-Lj * ^>MI 

aXl l 4_lL<a3l jIjaII (jAjJaJJ .2-9 Jj^aJI ^ 3 ■ '— j * AjOllilll «LljAa S I AaJUi al l 
SJA JlaJJ j t^jj.J-nrll jl jaII j 4jlju3l ^XoVl ^ J=^l (jC- AjflfLall 

aLw ijji i) jj <J1L .L_ajj-all slj-a ojal LjjIjLi BOD Jf«Jj .SjUIa]| jIjaJI ejaJ 
%'iO 4ju*aj 4jakJ jl jaII j LlijSj %35 «U"UJ BOD -Jl <U=0 JAJ UIJ^. 
j| jA\ tj jja^a j BOD —II tAjjj^l <jjj^JI AjJUaJI tilJj ^ Uj c^UJUaII t aaaj 
jj^jjiill j c%50 ajUJail jI _JI j c%85 t> J&L 4jakJ1 

.Jaaa %20 A^u-ii jji^ jail j tLajiij %25 csr^ 



LjLaJiJI j CjLuiuij^I (jA * alia a £l j& j^a2l sLxai Ajjjjmi ljLUulSVI :l-9 Jj^ 



jjill BOD t> ^jU 


? jJL. j jail jjllc 










0.20 


120 


o jjjS j o jjoiI (Jjl-" 


0.17 


80 




0.17 


75 - 60 


oJJaJ-o C1i!>IjU«J jjJ 


0.17 


50 










0.20 


150 - 100 




0.17 


50 


4 Ian t " i jnU t o$l j ^ 


0.15 


35 




0.10 


50 










0.17 


75 




0.06 


20 




0.04 


15 










0.10 


30 
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0.04 


10-7 




0.03 


4 










0.05 


15 




0.02 


5 




0.30 


300 - 150 










0.02 


5 


L_a3j^i (JSI Cj! jLlluHj JJ'^T* ^jLoia 


0.02 


5-3 




0.05 


30 - 15 





^Jl bUlwl (mg/1) <-fl jj-a aUa Jaujjla] <jJJj322l ui >UI :2-9 Jj±i. 

(450 1/person . d) gpcd 120 











530 


680 


800 




220 


340 


440 




30 


120 


240 




20 


100 


180 


S jllL Ailx-o SjL^a i ya 


30 


130 


200 




24 


22 


22 




26 


30 


35 


N o^jji: 


4 


4 


4 




5 


6 


7 


P jjiu.jS 
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100 ) 100/5/1 <yk Ajj^JI Jbjlk.il j 4L0 jac. 4} jAJ BOD/N/P Ajjjjll 

aUJj .(jjL-jill t> 1 mg/1 cs^j 'U^JJ^ 1 t> 5 mg/ 1 'mg/1 BOD 
^IUa Aakj 100/23/5 ^f^uj 1 100/17/3 jifj f UJI ^.^1 <j j^l 

AiLibll BOD/N/P ^Ujoj Aa1*j) .^jijaJI jaill ^najli jjLjj3j jj^jjjj 
Sjlc ^Vuin j 4 jaII] P j N J2 jJ ^^io j 4jJU-J ^ AJJJ^JI <=JUa11 AjjIkJ 
JjSj Ulie 100/3/0.7 ^Vi.nj 44_u*J^ c*" ' ^ ^ 100/6/1.5 

L_Sji^a]| oU-al 5-al& tJJ=*-\ 4 » <^J» ■T't silLiAj .(Ajlji Atjini jjL^jallj (jj^jjaill 
I*. j=k jjl (jx *C.jJ\j .LjjAa, JkjU AjjjJoxJI jIjaII J£ ( - b *\\ aS\ ^ 

tejUa^t BOD —31 ,> %40 %20 — J 4aal^ <-i sUa. jli 4^ jjjsJ 

• 4jjta. 4 7> \1 r a qC 

BOD — II (>> jb JJJ«1? t^aJU^I ^Ic jasJ <jc ajlc jjaj 

iViunj .a jilL L-lkouVI lilliS j 4^jillj Ajkall ^1 ja3I (j-a jlj jl 4^» JilL 

1.0 Jjj^I lUI jf- J\ t ^Lu-jVlj j£ Jill £iYj*i* cjx 

I jki 4 8.34 lb/mil gal ^il^j Ujj (ppm) jjjkLi *• j?- csjki ^1 jmg/1 
t>cu ft 1 J ^1 Ijk c 62.4 lb/mil gal J 8.34 lb oji ^ t> 1 gal J 

:^iiVI ujV^I*JU cjISUI ei& Cjiik ^al .^jjL 62.4 jjy *LJI 

J3 jUL u^J^ 11 = uj*j^ Jw^ (mg/1) x Q(mil gal) x 8.34 (1-9) 

■as jUL oj}J1\ = uj* j£ (mg/1) x Q(mil cu ft) x 62.4 (2-9) 
mg/1 tjjL. "<J\ j 4SS 4BOD = C ^ 
mil cu ft J mil gal 4^J oka = Q 

g34 = lb/mil gal 

mg/1 

lb/mil cu ft 

62.4 = 

mg/1 
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L£ t^.^t t_a^>JI aU« 120 gal el 1-9 (JUaII ^ CjU-uaJt j^kj 
j! jJ t> 0.24 lb j BOD —SI i> 0.20 lb ^ j=o <2-9 J j^=J ^ij*-aj* ^ 
.2-9 j 1-9 jiitaU-Jl ujsjjVi' 3-9 j 2-9 aJLoVI j^ki .AiLaJI ^LJl 

1- 9 Jli» 

— SI <>» 200 mg/1 l5 jau tl20 gped ^yj^ ^WiS ^-^.^Sl ^jjj^JI oLw ^Lj 
jIj*) SSj BOD _SI Ju*& < j.^l .ASLuJ 2bL^]| ^ 240 mg/lj BOD 

1-9 <SjUaSI fhVi.tlj 
lb 

BOD = 200 mg/ix 0.000120 mil gal x 8.43 = 0.20 lb 

mil gal. mg/1 

lb 

SS = 240 mg/1 x 0.000120 mil gal x 8.43 = 24 lb 

mil gal. mg/1 

2- 9 Jtla 

2930000 gpd £Ls c^W] ^ j (4-9 J j^) y^ti^ aU- 

l-lu^I 1 13400 lb/day U jjS 4ik* jI^j <21600 lb/day » j^a BOD i^li 

.SS j BOD j£\ JS 

1-9 aLUaIL a£>L*1I j> 



2 1600 lb/day 

BOD Jh££ = 

2.93 mil gal/dayx 8.34 

BOD j£ Ji= 880 mg/1 

. . 13400 lb/day 

SS Vp >j = 

2.93 mgdx 8.34 

SS ja£ JS= 550 mg/1 
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3-9 Jli. 

£»a (el jfrA A lajuila oLa^ (JjLai (_£ ja-J 300 HI" 5 ^ ^Jj^J U^J^ 

jI j-all J^La ^Lj ^ .2000 mg/1 (g/m 3 ) aj^a 4ik* AaL^ jjSjj 



JaJI 



MLSS= 2000 g/m'x 300 m' 
1000 g/kg 



0*J JJjL?-a Ljjx^j fUij 

4jj-laJI Aj^Ij <Jj3J 4C_Sjj.-a]| oU-al A-^Wh a\\ ojlA . C_kj^al jail all* jJjLa-a 

jiib jUjC-VU i^VI (gJ^ll (j£Jj t<Jj^sJI 4^JUa1I <J <] j^oi J&t <jk-a]l ^i^all 
4-aJbua S ^ -a a jj aSj ^gi o_oaJI dlljliji] ajjjSJI La^Sl 

4jj.la]lj <C.i 'infill (jjj <lalai-a]l JjSaJlj (^.^'uinnil ^jjuijj t j j ja-all U^S 

£3 jaII ^ 4 sun a AaJlxxi «.l jaJ jl nr-VU ia.Vl 1 » iaji '' all 1 '" j ■ all aU-aJ 

L_ajj-all aL^a (jfr JAi£ j_JSjij C (j^ajL^xk jl aj2 Cj|j c_sjj^a aLi-a] ^cl u^ll 

LllUlftT. ,j t— it JJli'lll cA-aJ .CjLjliill SjS L-Li^J j tL_lU>,iuVI 4j jl_a^j tdlUliill 
all* -I laJLail ajl&Jj iAjjjlaJI £tjl jill jljjJLuilj tdl^a-all C-L>b^«ll3 j £ji-sull 

.<_Jj-aila]l ^^)Jall jl j-all jl^aJ -^■s.'tti j lAoy** 4j^|jaj 4jaJLat<a (j-a AJa!Lai-all 
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axilla Lj-^ Ja j£-aJ jll J 4j jLall JJC- JJ^iill aL-a j-a <J^ Je- JJ2kV l^& cj.^Uj 
J L-jjoilla J£.>fiu £tJLu jl j£-aJ ^ jJI A^Luill (JjLUill j tAjaJamll eLull (_gjK^ J 
^cli^a ^Ja] j£-aJ .AcLu^all <Jj3 j-a Lj-a>Ja ^aJJ jl ^ir/nj A -y 11 1 a A }->^> <\ 

IgJaJlaoi iS^- j-a J$ j£joiJ lgJj3 i tiaJ jl jLjfyl A&Lu^a dAjl£j£ t jla-a 
' ■ laJ La£ IfrAjJagJ * La all JJ ""' (jl jl £ji*^alll £3j-a J ojSj-all L^Ja-U^j 

Lai Lj-a-JagJ jl Lj-^JaJ Lai A )-!-. a 11 Jl j»C.Ua-a]l J AjiiLall jj&.l3l j Cjjjjll t ■ lla. 

^jj^all CjL jjVI <ll jj Aix*.M a\2Apu» t_Akija jjUJI qauIjS ^ jiVl olcLu^ll 

jiiie L-jliajJ j^Vla lAjllall cjjj^all aL>a ^1,1 Vw.it Sjlcj H-ilrsa jl£ jli .AlLaJI 
jl jaJI j-a ji&ll jl Jl I jiaj tAj&Lu^It CjU. jjUl J& 4x1 jxo J&l lit jjil j 4jlSlj 
ojlc-J £-a (JaJjuj c_s jjoi j tAjiilSj 4 11 * a\ JaSS Ljji* d Jj jl ^j'u^'ill L_sjj^a oL-a J 

.sLiaII ^I.IV'uhI 

j* 4-alfr JaLajl (j^jsJ AlfuuJI ^]l»<ill ^-aLjJl flAla Jl EPA (j-iialLa j] 

4 It * a\\ Jc. J jj3 j toJuLa JJC. <klla-a CllUa. JJ^ t<fr jla-a LllLa»j Ja i^^A ^ Jail 
Jc (jj.lWill <L13 AjiLj O^^ 0 '<C-J^a-aJI tULvj Jail jl a\\ Al^A\ 

j^j"' ^aJU-alt Alaa^a jl£ |jj La Ja^l <_>aij tAjC-ll^alt CjLv j Jail 

JJC jxJ jll AjjUaJ^ll J jxll jx Ajli jib ojjSlall (JAJjliASI j»j3J .V J NPDES 
AjLall i ^all oL>J (3i«ij La ^fl 4j-aU. j 4 jLaVl <-S^J J tAj.ljfrill l-sW* a\\ 

NPDES J (j ^J 1 ^ j£ CjUjjiall U .Ajj^aJI 

dll j C_ajj^a sL-aJ (ji*JJ dlLi.jjia j .<-al*JI (Jjfl j-a AS, jla-a]l 4jaJLuaJI CllLLxa-aJ 
dllLua-aj ^-a=kJI ^Uaj j-a <_j£ (3fLjj 4j>«aLi> <jC.Li^ t al J i ^il j A l^L> 4jiJL«-a 

ClU.Ljii.1 ^ j;V*i\ 4 all ^ti.n Jl AaJU-all J jj3 Cjj'jL jii. ^ .l^..,.iflj 4_=JU-a]l 

^Lu^ll L_ajj^aJI sLw j* ^1 jj| <*Jjl j ajl . ^ 3-9 J j-iaJI SaJ .dla>jjia3l s^A 

BOD jjSI jj ^ jj£j .2-9 J j^JI ^ <i jA\ L_a^aJI aUaj L^jjlLaJ 

JjSj udliSj jK oil lJjx^SI S L>a ^fl l^LajS Jla 20 JUal 5 — J J^t Uj3 

AjjjC. <jjjJafr ^1 j-a j-a 4*\*\\]t J jjlfjj Ai^l '(J^^ AjlSJI AiLiall jlj-aJI jj^JJ 
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4jj»ic.V J\ aj^VI ^JUx cAA^ C_Sjj^a oLlo 4j|ju AjjjJaC- jljxj 

BOD J] AjjouIIj 4iixJI <jL^]| i jJI JjSjj jl .J jjjajjjKll cJjj^a aUa£ taJjLa 

j) .jboc-Vb Ajjjliill AjjJ^JI ^aJU-all j ^.Ijlsiil JjVI ikl lie. 4 4-aU 

Jl ^ila-a A jm tlllj tAjcl u^ill Cljl^jjuiiall Aclii^a i_sjj^ aLl-a i_iijuojj 

aUa ^jji UcliS IlUa jj£L« 1500 mg/1 J! 2000 mg/1 U j^a BOD 

.jlj-a 4jjoijj ' . ula SI <aJbua L_sjj-a al_La I— lli a j"' j^lj '240/200 i a i_Sjj^a 

si-all VI jl « mg/1 1000 j 300 j* ^23 BOD 4il~ ^ 

<ClLlji-ttll <_£ jla-a J jJ jl Jul} 4L_buijlll AjLUIIj a jail JJ A°Lja\ .AjjjJaxll 
Ills. JJJJ 5jic-VI 4_aJLoa t_ Sjxo bLlo <_£jaJ .L^Lk I jIjjC.1 tAxaLJI j t j&jllj 
AjjIuj^II Cllclluall <ijVI CjU. jjLII j£l t<Jj^aJI 4^1U-all j#al£ 1 jjiuo j3 j 

t^jljiiajjjlSlI L_ajj-£a all* jl .j-ajll Je a^C-LouJI ClLpi-oIlj ajjia iilxllj 
4<_]jiiall JJjS <. aji^J jj^J JJ jl •> .nil J lg_^.jla j£-aJ V 3-9 (J J^?ij 4aJja j-all 
(_sjj_a aLlo 7- A ■» * ^>JJ .0.5 - 1 mg/1 jJJ £SJ jjjl jilLj Ig-ic- (j-a jj alall JjAaJI j 
< fc lvs 1 'lSJ^ ^4?^ j^l*-aj ^jj£ll j 4-lpLxuJI j 'tlyjJI t^JljV Ulm* jjla-all jJ.J*J 
<_j£ Jc. L_La. jjj ^jla all L_Sjj_iall al-La j-a (Jal dlljjLa I j Uumn ^la-all ^jlall jj^J 
jjjl^all ^Uaj J ^jiaJ Jll ^^C-lii-all I— Sjj-all aLlAJ (. l^J^l jj^J jl 

.4-9 J J^l J jJf« J* LS/a^^W 



SlUla ^^C-llua ^jj~<a oLm (jsiW jomjla 3-9 Jj^ 



iiU jii jjjKII 


^Jjoull 

^Uk^VI 




i.nklt 


mg/1 tBOD 


4300 


1500 


1400 


1000 


5400 


3300 


2100 


1900 


mg/1 COD 


53000 


8000 


3300 


1600 


4 4jK 4aLa j| j^i 


1200 


2000 


1000 


300 


mg/1 SS 



692 



0 


30 


150 


50 


mg/1 N jj^-jjoj 


0 


0 


16 


12 


mg/1 P jjLujja 


7 


5 


7 


7 


pH 


17 


- 


28 


29 








500 




mg/1 jAJ 


27000 








mg/1 jjK 


140 








mg/1 Jjija 



4-<u-u 145000 IgJliw JJC ^ hmal\ jjjU^I) 





COD 




BOD 


(gpd) 




(lb/day) 


mg/1 


(lb/day) 


(mg/1) 


(lb/day) 


(mg/1 


460 


2500 


9600 


960 


13000 


1300 


1200000 






440 


560 


140 


880 


220 


478000 






300 


390 


250 


310 


200 


189000 






1830 


300 


260 


1050 


910 


138000 






5600 


890 


970 


2900 


3160 


110000 






36 


24 


27 


7 


8 


108000 
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- 


490 


51 


60 


120 


140 


103000 




200 


2960 


210 


260 


1270 


1560 


97700 




- 


70 


20 


26 


23 


30 


93500 


AjsJijl 




1260 


510 


680 


450 


600 


90400 


JMj 

LkUaJ 


- 


570 


250 


330 


230 


330 


83100 




- 


3290 


170 


310 


760 


1400 


65100 




520 


2400 


190 


450 


290 


700 


50000 




160 


390 


50 


150 


91 


270 


40700 




- 


450 


90 


310 


59 


200 


35300 






420 


10 


60 


47 


270 


20900 






1000 


64 


480 


64 


480 


16000 






420 


12 


110 


24 


230 


12700 








13400 




21600 




2930000 





ojjLa BOD SI a\±/&Jj L-lUudVI A 1 g V- JJ*-all Ur->\1 lJj.^iII oU-a ^jl 

j! b jail j A ■t^W t j£ a j t td]i]j .^UJ| ^1 <fuullj cs i*-a dllij dbuuJ t^jjUlL 

sLlo iajuojla ^jJfr ^.Uj tBOD II CjUall* j <jllljj.ll$JI C1jIj21£a]I ^JLj .cj^oll 

?jA\ J a „\ all /BOD _ll o* 0.20 lbj 120 gpcd JjL. ^ 
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(jC J^J*jll 4t_JjC-jJI j^a t ^l£j| jl£jj| JJfr ^Jl SiL^ala >( JI jlll ^Jc 

(jiajju .^li staW ^l^ill ^ixall jl -iJlaJI ^»LJI j| jJI is.l^j] 4_i2ia]| L_SjA^a]l al-La 

.fcalS-ll jl£JI ^ cjLL^j cJ^J! a L^ j-tljj 5-9 j 4-9 *Ii-Vl 

4- 9 Jli« 

a j.12 Jajuj jiaJ Uajj t.nUll <> jL 250000 jJl 'aUiLa £eJUj 

^LuA^Vl djULaJI j .1400 mg/1 aj:ia BOD cij^^ t> 65100gpd 

4 iiaJl (j-a ^j^-a ^llij £-a 'f^J^ ^C-l ') ' a J ' ; ("ll ~>l •> j Ajjaj aLHail 

J^c j tfjLiJI <_uiaJ (> ^jjlj 1000 <J BOD -Jl j (-jUjouVI i.iu^l .AjsjjJI 
.<-_sjj^all oUJ <^-a jjII Ujj ^il^JI jl£jJI 

<.nU\l JujL 1000 lJ^ lAju^\ 

1000 

= x 65,100 gpd= 260 gal 

250,000 lb/day SP S 

ljjLJI t> ojjL 1000 BOD 

0.0651 mil gal/dayx 1400 mg/lx 8.34 

= = 3.0 lb 

250 000 lb/day 

BOD 13 ^illJI J&Ji lie 

0.065 1 mil gal/dayx 1400 mg/lx 8.34 _ 
0.201bBOD/person/day ~ 

IAJ jj^ja ^ilUI jl£JI j^c 

65 000 gal/day _ g4Q 
1 20 gal/peson/day 

5- 9 Jli» 

Jajj iLl* jj jliVl j-a 500000 kg a jia I jla ^ j^ill 4.JUJ aLila ^jjG 

. L_ll*JI ^lijj (_V^*J £-a tlgjLaJj IajIji&J ^jLjj L_aL^ajl A J Ij^J 4-aiaa-a 

JJC. ClAjjla-a) l^ujj£ dj jj <JI jj LailJ 4£aJ Jjli ^j'll-> ^rTu^i Ig-aJ jljjjjoil ^JJ 
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oLlo fJJ ^ idlbliill j3.} <— lllaJ <j3Jli Jsjj 4jjj»JL) (aOa-aJI ^ <-a _yJa$-a 

AaJU-ail a^A . JS^U Jj\5 jjfr <jAJ i-lfrV ^aJll t ijhYi £j| jj £-a jlV 

45000 m 3 /day<jj.xa]l jjjW-° ^ cs^' lJjj^II a Lva ^Lj t<aj.mJl 
j^Vl ujj t> 1000 kg JS1 BOD ^lis . 1300 mg/1 BOD^ 

.lJjj^II allxJ ^ jJI (-jLijouVI talHJ yl^-all jlSjoill .lie j t^jill a^xxJI 

^jill a^-all Aj^JI jliuVl jjj t> 1000 BOD 
4500 m 3 /dx 1300 mg/1 
500,000 kg/d x 100 g/kg ' 8 

BOD 13 ^ilU jlLJI jjc 



4500 m 3 /dx 1300 mg/1 . 

5_= j ja 65000 

90 g/d BOD/person .d 

LSjI jjOjA ytSJI jl^JI . 

4500 m 3 /d x 1000 1/m 3 



450 1/person .d 



= -i ja 10000 



JiliU uUuJVl j g£J\ 3-9 

tliX-^ajj jjjU-all ^Jl ^aj?- jA (Infiltration) jll 

iJaJ.il] < . iIauuVI Lai .AjaLlus jl ajjni^a ClllaaSj i-j-UjLsI jl Ailajua dj^L-aj JJC- 
j.iL-a«a JJC. <La.iaJI ClL/L-aj jl jj jl <\\\ ^-UjIjI cJaJ.2 ^ jLj ^^all aLj-all j^S 

JjjjjII fiLtaj celiL^Ludll j 4_naVI ^LjjjI c^Joj-uVI i— iLiuiil j tjiiL-uVI ^Luijjl (J!La 
.*U&1 u <-i j 4jjLvj ( " ll > i i 1 1 ) J^a jj- 4 L5 J 3 *' ^qjlVi °L}- <i '"'^ JJ^J '^lAsjfLall (ja <aulill 

jJjLa^aj AjjlLaj 

^Joj 4iLiaj JaaS l jC.\ j ^jjj^aJI aLw £-a jLslxall Lj ^->^> c-Luil 
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LaJ ca.ll.iC- (J^LLa 1 n > JJ (jl (jjjJajUJI (_Ji.l^ll I ■ iLluuVlj (jfLaJ .(J jjLa 

Jjjl _aUl Jj ^Ajb^II Ljjj^all oLjx ^ J^-JJ jl "> all -la j Its s^jI j aJ^ja^. 

I— it Irs .a <Uj-aa. jjLvjj cJgjJall ( j JatLaj j^t j tdijojH Au iajVl 

l^Uj ^iuL&I Ate Jo <la 

J 4jcila]| LJjJLaiVl J clgilbj l— llAJflll j 4<U3 jaJI sUaII <_J jmi'mj (IgiiL^a jj 
jpSI t_U^JJ dll«.|jaJ £-a oUaJI Jjc j|_a-aj AjlLall J jaI! ^.VVinil jj .(—uSjjll 
^Jijll CjY-^ua j Jaill <J=^aU t-jUauVt JJ^SJ CA^J -^jll 4^ Lal£aJ 
Ajiil^a ^C-Liij .( ataJl (jAkll L-jLujojIj L_daj3l (JjiSlall t_jlajaij| 4jjlLa 4 La ^UaiJ 

(jOJ jjOAill (j^-aJ La£ C(_JlaJI Jjlalia -ll-iau J jJjLa>-a]l j»Uaj (j-aj^a * ; iLluljVl 

t <i ^il Cllj^i. c-Lul J jjjl ~\ n\\ l . iLuajl AjjlLa ^jjc. ^jljlj j_Ji.l^ll i_ljjaull 

A i A*» ^i-s <i Cliljlcj LajJaaJlll (j^al^c-V ^ ^"i > lU j j^JI aLfaJI i ■ n * ul j .n j 
oi& jjOS t Lu^J s^lc. j»JJj . JJjl^-aJI <_u£jj (jjaj ; ->J Ay (_pilllLa £^3J > '< ^ J 

<al£j ^j- — JJ-iSiJ ji AjjiiJIj ^-lla]l Ujjla (jj£*lS ,_jjjjjlLall 
y-jl-lMijl J-iSJ -iS 'Aj^ lajJaaJj CllljjJaj £jJa_aJj . A y \\ r a\\ cJjlLa jj^a>»a]l 

CJ !j2i .(14100 1/d/ha J\ 6600) 1500 gal/day/acre j 700 a* ^ ^ C ^ J 2 

%10 J to jjill A&Ui! ^^^IxaII (-jUjuuVI Jl»-a £y> %5 %3 t> Ajjlall i-luull 
^ jl jjj .4ijJaj <-_ljjjVl ^>laa <2J JJ^i ^juajll till JJ^SJ iVii.n j .Jajoijla]! j-a 

jjllt) 200-500 gal/day per in. diameter per mile of pipe jjj ^ jll CjI jj^sj 
185-465 1/d/cm- ^aIjL ^> J£J jJ^a ^> JliJ JS1 ^ 

jlajl^ JSJ t_j jxiVI Jaa t> jlali^ J£] f jjl ^3 IjjJ 465 J\ 185) dia./km 

ti—JjjjVi *6^Laj tAjajaJI ftLuall t_ljjaiLa (jjLuJ ^jjjII Cj^'^JUi jjliS .(4j_oia j<a 
. i ■ u£ jail j fJLAi 4jJaai-La LaaS CllVl^jJi (j-a 
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j£ iVn IgJ-ijJ j 4-Jjiiil ClllS^i. jl Jl I Jaj j^s jll ^jjJI dlV-ist-a j|j jj 

ja > .^Lall Jjc- A aJaj) J ^pjj J d^L-a jll i— UjljVl j CllLauall J li jLj 
L_SjJa j;Uiiajj ajj&j LlLa. oJj^._&a3I jJjl^-all 4 J ^uijl L_SjJa ^j^> > 

j.la '"'pi J .(jiajlill ^jujjII Jjia-aj jJU-auall JJJajJ Jj*J jJjla*All L r 1 W Ju ^' 

jJJaa <— ij^a. t^aaj 4 aiajl J ojJJ^ diliaj i—S^l^s to-lUc. 
( Laa^jj 4jAl jll CllUiajll ^jpo . aJJj .ds jjjll j jjj^aII jjj <La.iaJI ClLyL^a j 
tdj^L^ajll JJaxj jliLa J <_Sjjj^/l JI^jIujIj tjjjLawall U-uiilj CllLauall jJafj 
JjIoJI sJIA J£ jj .<k}^-J AjjjII *i&J *l£aJ j ai-aJ l_ijjuu]| jlLa JL j 

Jajjl ^auli Jil.il LjUuuVI (j] -^aJ^I Uja^ju 1 ^ ojjSj euaoj 4il£a 

t_J^J <jl j-a acJLj > ^>\l (_£jLa-a]| aliaj £-a ^^.jli. eLi^s j "h t-iA .laaia 

aliaj (jl V] 4t_fijxal oLia jjjla-a J ^^Jajudl jLl^aJI jl t '< i ■-»! jx}\ a'ilA ^ J 3 
• 4-aiyLa jjSI (jj^J -i3 4_tau^all (_g jl 7. <\\l 
^Lijjlj cdjlxuLuiVI ^IjjjjIj c^Jajoi^l <_ujl j^s ajjiLlAll dL)L-a_a3l j-aj-oJJ 

aLiAJ ajj-ai-all i«al l (J 1 " \\ ^jc J " ^ i^& l jl cdilauall 4_iaLaJI 4-JaC.VI 

jJjLa-aJ 4^i*!laJI jjjl jail J-IjuU (jl i—laJj . Jil.l3l ' . ' J ■ ""'^ Lal& Ij-li-aa jl » tajAll 

JJJ^I '(J*^ VW^' 1 J- 1 ^ (^J^ (J^J^ '■^■^ K'^ 1 "^"' ^Js^ 

j <\ > aJJ tiita. c jL-ia (j-a ^ jljlj ij^.l^il t_lUjaij!)U CLlUlcj (j-aj^xij CLlLiaLlI 

.(460 1/person . d) 5 gpcd Jl 120 gal/capita-day ; UuL Jil^ll LUjouI 4ja tdli 

*Ujg uij J^vj jl cajjiLu Cix^u^a AAJdjS <_Ji.l^U t_l^)jau]| j^L-£xa a V>ir ^\ j^-«J 
t jilljjjua jilaaS jjj (jjLa^aJI aUaj J (Ji.ia]l jLi.^11 ^^iajuj . jli.^1 jlfli.lj 
dj^j 4j3 CaLki ^111 Jjlall Jib Jlj ( JiuaVl JiWI ^J^ 1 ^ t> 

CLiUjjLai^l ^Liujl Jj dLyL^a j]| jl£-a ^J^aJ ( ; UtJ^aVl j>-a jjii LailJ .o^jlxa 
.i—lljjaijVI Jil <— a jjuj c4_tau.^a]| jJjLa^aJI ^-a Cllilj^aj joalajj . (^^al^^a]! JJJj 
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6-9 Jilt 

I^jL Lai o jjjJI 

Jja 24000 = jjjL>aj j^^kJI q\£uA\ 

100 gpcd = jjll i—lLu^j^l Jajujjla 

240 gpcd = Sjjill *clu. J L-LuJi\ 
ti pu^JI ^jjj^JI SJjd c> 500 gpd/mile/in. = ^ijll J-i*-a 

• Aja > r->\l jjjLawall j»Uaj 

Ja-a 36 = AjLi jjjL>-a 4 in. 
Joa 24 = ^ruLa. jjjU^s 8 in. 

Jxa 6 = Aojoujj ( - iaj jJjL>-a 10 in. 

Jxa 6 = cP^Lu JL-ojI jjjU-a 12 in. 

J (gpd) = ( ^ ) x J jWI (miles)x (in.) 

day x miles x in. 

= 500 (4 x 8 + 36 x 10 + 24 x 12 + 6 x 6 ) = 234000 gpd 

jJI tJ^I Ja^jla = 24 000 x 100 = 2 400 000 gpd 



jll 234000 
-^-^ - xl00 = 9.8' 



J^l\^L^y\ J^jla 2 400000 
Sjjil! ^L, ^all ^U^V! = 24,000 x 240 = 5 760 000 gpd 

C 1 ^ 1 234000 _ _ 

— ^— = xl00 = 4.1% 

Sjjil AcLui ^^l^aJI cjLu*iVI 5 760 000 
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(_fl j^aJI olw 4-9 

<_j£j* ljIujojI jA Ajau^JI jJjla-a]| J L-lLbouVI jU 4 1-9 Jfr^i ^a£ 

cjajjl] ^Uuulj ^ Jj J U>j^ ft Ux t> 

t _ s JU jjjjgJI Igjjjii jj^J J 4jcxlaJI jjjla»ail nj .<£jjji<aj1 jjjl 7. oil 

AiLjal t^tjuojll j Ja-all t_lUuijVI lilli J Uu t^clui l-jl>«jl ^^j-aSf <aJU-aJ 
ojJjaJI jJjLa-aJl 4 .nlVll 1 <aJ .Ajcli^all £jjLLall jxs dllia ^giLjaj L_SjjL«a [j\ 

120 gal j 100 gal jjj ^ jl jjj j jail ^ jj 4->Lu*jl Jaw jla (_>AjJ Jc SjIc. 

CJJjlll f^a. Jjjj jl c_jaj jaj .lolc. lajij IjA jrt.Xijj itjl}] (480 ~400) 
950 ) 400 gpcd Jjaaj jj&j jl sjIc. Igj (j^ajjij jllj S jjill CjLLujjjl t_ic.jlut) 
K— L^axill jj jla-aj tJjLull JL^aJ^I jjjla-aj 4<Wjjj]I jj jl 7. a\\ (1/perSOIl . d 
jUa jj jla-a A .nhil LllLljjuijl £-aaj 4jJa jit-a jjjla-a Jja- j (J-a- J lilljS j 
ajjj]l 4£.Loi LjjjjL^ajll jj^J • > alaJI (juiiall 1 ■ ll.jm'il Jojoi jla jpi %350 £Jjj 
J ^-JaC-Vl t-jUjoijVI j-o JjLiJjI JL^jVI jJjla-aj ^WjJjil jJjla-all 

4j£jJ jjjjgjl jj]l ^jS jj-a Jj I jlaj 44_uijjj]I Cliaj jjjla-aJI j AjjjlaJI jJjla»a]l 
A£jjjj (J^La. L_Sjj^a]l olj-a i . |L) 1 n*il JjJ-a £-a 1 g ni La J djljjlajll AjjjjjJ Jl 
.tl^L-a jll j-a IjjI jla IjJC <j]J LaUia cc_jjjLiV| 

.(_Sjj-aJI ftU-a t_lLjja»jl 4j-a£ ^C-L^aJ j-al jC. JJ-jaal ojtistla dl^/jlx-a Clljjia jil 
elsLabLa£ i . iLluijVI ja.1 (j^aaj ^ lajjudj (jl £ 1 nil jjc CIiVjUxaII ajA (J^aau ^ lalmj 

.t_jLu*jVI Jc ilii \.,y:A jjil ajJIjII dVjU-aJi ciulil ja] .Ujjjo£ J 

aja.j 4 jcL^u (J^alc = PF :t-ua. 

mil gal/day r jJ! J Cjb jlUll jjjXa tt-jUuuVI = Q 
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.lie ^lysl uUuut -kaj (i) .Aj^jj^j fa^Si aJxuj jla i_i j^a »Lu 3 j4j uL<j| £il jju :2-9 JS 



.%190 t^J %40 t> Jai t> ^L-M <-jLj-uVI c^Y^ ^ jl JZ .kalxA 
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dll^a^jll ^^c-LaJI ( . iLi> njVI CliV-i*-a a-ilc ^ jl jJJj .4_ufLoill i " il t "<\V'ill ^ c.Lm/1 

%200 JA %50 t> j ^ jjll l-jUu^I %250 j %20 a* S jji*-aS! 

i_ajx^ll oLl« Lu ^oS/l j BOD _SI j£\ jj L-kiLkj j .Sj^l cjUl^l ^ 

iJfLill ^lajl ci—jLuaj^/l Cliljaij £-a Jjajj V Joaj JjSj ^»jJI jj* (JjSjll t_£ljaJj 
ill I^A c<_iLu^l djljjsa Juau ^ Luj^VI £4" -(^2-9) 

• C-LuiaII ( Jja lillij j<Umi"ij JgJall -iau La ^ BOD 6j3 £J&JJ t ^ i£ > nil 
i_L^aJj a jjg hll ajj^ cllLLlioul ( a.-s"i La^jc <j^-<u La ^}jSI elsLliill aj3 
^ajoUj t<jLjj"u*irt (j-^ JaLiill (jj^J LaAifc (Jolll (J^Li. (j^-aJ La (_gj.il 

JaLajl t allkj .^aaJI ^Uaj (jAjJa AaL^aJI jl jaII <_j1jjjjj l_ljjjVl £y>^* lIiIc-jjoJI 
L>° JJJ^ L>°3^ ( "'LV)<\l l (jAjJa (J^ 4 -^ Lu j-aVI J BOD — II jj£l JJ 

t^LLJI JaLiiU AjAjouII A-aALowJIj 4jjj^a1I J^J tAaJU <\ll A Saai o ^gJJ 3jj.1a1I 
BOD —II jj^JS j ljUuuVI jj£ jj t> JS <jj£ t^j IjJiS J -^Lu^JI j ^jLaull j 
^joijj (jlj 4 a 1U o 4 Its <\\ BOD — H aIja^. — L>°j^ ^-J^" 1 ^ Cfi*i 'uAiJ*- 4 
(JaJjJI (_33Jjll tdjljjJjA 4ij»-a jl .(t_j2-9) JSJill j-a jA La£ LuLu 

.AjJIxaSI 3 Irs .n J^*-^ ^ ^gjoL-ul ^al BOD — II tllV JAa. J 

lilliSj 4<Ajo»1I ^ji ji.1 ^gj] (_L-a3 ^j-a t_a^£all ola-a (J^ajl > ns j <Ua£ ^a.jLj 
( tji^ll tills. j^ia jjLauj La I joiS j jijaiVI ^ [JJajJI ^Ll j ^1 j^ll ^Ljl (jjj 
AjcLu^JI CliLaALoiAll j ^q-N n LaS t%20 j %10 j^J Aojouj jitLiJI CliLa-jjia 
(_5jiu^all j^aJLl 4ijlLa (_SJJ^1I (j^all ^ AacLJI djLv^.jtjll JJ3UJ j .jU>VI j»U 

jLoj .^jJI ^ 24 hr — 11 jj& -LjjLaJI Jjiuiull j cjUaLiall ^ j£ t_xuou 

— II JaLajl j y*. j_jAiJI (—iLujoj^l (jijj^u <jl sjJJ^ll SjSlI (Jj|j Aac-Lu^all diLaALawJl 
lDU BOD _J CLUj^j Sjjjll 4JjJ^A jl jj J^U j> cJlljj ;BOD 
*Lul ^ 1 n > n"n (jl (jjuJajlill <J^.I^11 <_jLuiu!)Uj ^Jjjil <j£-aJ .Jjioiall CjIcLoj 
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JJC. A \\ r n\\ sLjila Jfi*-a JJJ^ I— ti—S^j^all oli-a SjS (diluting) ' foVi 

7-9 Jl» 

30000 U^aS UaUaJ 4jsJljua U-fij^j oLw j tbjS 7500 f JJjU-« 

V\;<^ a^isj S^jj (_ajj^a sUa j tBOD — 11 <j<a 550 lb LS ic- gpd 
a j*^B a Lw ^-jLu^I .1000 mg/1 « jJ BOD JySji c^lij 120000 gpd 
.mg/1 SU I jjLo BOD SI j^Jjj 'f jAl jSUIL I jjLa WUll 



BOD (lb/d) 




gal/day cJ^^I 




0.20 x 7500 


= 1500 


7500x120 = 900000 




0.120 x 1000x8.34 


= 500 
= 1000 


= 30000 
=120000 


a Ami j sAjj 




3050 


1050000 





« ^ . 3050 lb/day _ „ 

BOD _J = y - = 348 mg/1 

1.05 mil gal/day x 8.34 

8-9 Jli* 

aUa (-jUjou! -kjui jla 4 jJjU~aJ 145000 L^jl£wi jl-iaj ^Li <L.La 

4-9 J .320 mg/1 » j^a BOD J*-. jla Cjl j, mgd 18.9 a j^a 
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* alxa lu. aj <i IjlA 4_u.l<dl (—a^j^all alxa i—jIojouV ^IfLall (jlfLJI 

.^li^JI L-fij^l oUo LmLoba jlLJI ^Ic blajcl till jj BOD —11 ^ j 

• a jjill ^jlWil J o Jjill i-jLluijl J-alc L-LoiA.1 (^-) 

JaJI 

120gpcd 

™^ n v » t i, « 18.9 mgdx 320 mg/lx 8.34 

BOD —13 yl£J ^ — = = 252 

0.20 lb/person/day 

000 

, . 18,900,000-2,930,000 

<_iUuj!= — = HOgpcd 

tf 145,000 

18.9x320x8.34-21600 , 

,~^> BOD = = 0.20 lb/person/day 

- 145000 

:i_lLljauVi -Iojui jl« ( _ s ic- taLuC-l OJjjJI l_lLuiul 

2.5 _ 2.5 _ 

qO.145 _ 18 9 0145 

jjo^JI S jjill sjUouI = 1.6 x 18.9 = 30.2 gpd. 

i_i£ cjLufcl 5-9 

oLia (jj^J < " ii.^J (jl ^V;'n cl-iIojouVI cJ- 4 ^ aEL<uj < " )1 'ijir \l cs^J f^*"*'^ 

o^jLuJI L_aj^la]l 4_iliaJ]l 4jjljj^ueJI A m \l (Jjaj . .lis. (J^ >Ti 1 A^jj-*- 0 s_^j^JI 
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j! J] ijjaj tjjial <ULaj SjjAl <fLu> UjLuol jfLaJ V J C-LaS jLuC-VI C.Vj£it 

t " il nr. (3** 2^3^ ^j^J-*^ ^ ijt \l jjj o ■ " -> jjc- t_ijx<a]l alj-a ^J^ 3 ^ T J. 1 ^ 1 

ojlc tliliuJ! L_lj£jJ ^aJJ .^jjj^all aLui (-jUjou! JaAJ £-a t - \\ nl Yn SjjLa AjjI jj^c 
t^fcLai (J£ cH^J <^ C ' t4 aJadla 4_iiaj (_L^aljsU S-JjAla t " )1 nr. 

jl'ic. 4JaJ jj <aal jJI ejUuij^l CjV"^*-4 1 jsj j .^E ijj^a J ^ IgJ^aakjj 

.(—iUjouVI JasuouJ &jg-^l aJojoiI jj Iajj^Sj J»jj jl t4jliJI aigJ l_£ja L_iLuui! 

dlV^*-a ^gjj Ajmlllj "a-Jjila 4jj£ j^i /J.-H <->^. g^j* JJC- 4jjC- £=-a-J ^JJ 

. jLucVI j^j t-lUjouVI 

^Jaawall ^jjiul a J la n "^^j t— lljSfl (Jj- 4 ^ ^gjJI 4j£ja]| ( " \\ n» II jljia^ ^»JJ 

JSVI £ jj^VI f U ^ 24 hr Ji* ^ Ikjj ^211 cjLuJI j .l^V j 

CjV JAa> U-lLuaJ ASIxaII J jaJI j ^j-ajJI BOD — 51 Jajoi jla CllULu a > in .lc jJjj 
jUai jjHll 4 Saa <\\\ Jl j ^» JaJ.lll j jlaJI jjaiSijI Jajui jla jjj t4 Saa all 
(-jUau! ejjS J^U. Cua-ak (^jII <ial£lall CjliwJI ^^j .AjsJUaII SfrliS jblaJj 
jjjajj JjaJjll djljjia] 12 hr j 8 jJJ Sic £ jIjjj ^Jill j o jjill 

.JLaJl**ll Cjl^j ^ AaJa^l C^Vj^l 
("il'mll c.1 ja.1 i _il i 1 L-LmLLo (_3jj4J <\ ' -aj jliicVI diLjljj ^Ij-^j ^ij 

jil jjoi) l—lLuiuVl (JJ^li CjUIjS Lai .<J^JA AilC. ^gi l^jlal£a j SjjalaJ! AjjI j*2l*]| 

jjj£j jl ( " it nt II (JJJ cs-^O^ cL-^aiaU ^gj /n Vj .Ajjljiic. <llE- (_J£J 1 . AauijI 

jl j^j j A_^ja <JJ*^ Aalaj]l ajjill JOaj . 1 hi jj^J jl J ^ij '2 hi j-a jj£l 
4_LuJJ (J J£1I ^aJI a-u*j .I^aJ ^gitJjJ J&\ AjjI j^I «il j>1 J^c j tjLu&VI 

jj£j jl ( . iaj . jaJojoi ^jjll 4jjjl-Laj1 JJIajII JOc. j JaLajl ^jic. 4jjC-j^ll 4j£ja1I 
^jc t-ljlixaJI ^ aJaC-Vl ^ jaJI Jjijil Ui.oUa ajji.La 4jj|jjic 4jjC JS ^?>^- 
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(4-9) 



djliwJI frl jaj t-jloiaJ LjUuuVI J-1?J Laic ILaU 5-9 J J-iaJI J$ix) 

JUJI aJlA .4_£>a 4jjc. J] J jll l^s-aJ <— l=kJ oJjaiall j£xl\ 

Ac-Luj <J£ (JjjIj i,^^- 1 liter 1 $ "» AjjIjjuc > " il ijr. .(jijcLoi Iaj^s 4_iLaj 

I ■ \\ uia ^aJ t(jljJC.Vi CllljjSj ( ■ iLluljVI (Jaauoij jj-a 24 hf SJJS j»l^j ^*JJ '^Pj^ 

ol^xll diWIja (jjj 2 hr Sjia J£l t-jLi^VI Jsuj jla ^jSII 

f.\ t Jj^?Jl (Jiiujt SjAUall 4-9 4jjU-all ^>hVluh LJ^Jall <J*lc j 

Jtlx-a 4i_lL)jaijVI (JJjls (J?-^ I^Jfl .oJjilaJI o^jjjc ^^jjuVI CllljjxJI ^j- 0 ^jjF" <_)^ 

45-9 Jj^=Ji CjULu JiC JLaiu iCJjSjiJI Ltta Lajc 3-9 J^ill Jfrkj 

fij jiia Ajj) j^iiC (J -4 <-A>^ s ^ 4ip L &£J* J-'? ' "**^ (3*^ ; 5-9 Jj^ 



4> * 




(ml/m 3 .hr) 




(m 3 /hr) 


(m 3 ) 


(m 3 ) 


(m 3 ) 


i>j 
(hr) 












278 


69338 (1) 


69616(2) 


1000 


524 




3.77 




139 








1100 



706 













338 


6V616 (Zj 


6yy54 (3 ) 


1200 


637 




3.77 


x 


169 








1300 












401 


69954 (3) 


/U355 (4) 


1400 


758 




3.77 


X 


201 








1500 












377 


70355 (4) 


10151 (J) 


1600 


713 




3.77 


X 


189 








1700 












294 


70732 (5) 


/lUzo (6) 


1800 


554 




3.77 


X 


147 








1900 












325 


71026 (6) 


71351 (7) 


2000 


615 




3.77 


X 


163 








2100 












301 


71351 (7) 


71652 (8) 


2200 


569 




3.77 


X 


151 








2300 












251 


71652 (8) 


71903 (9) 


2400 


475 




3.77 


X 


126 








0100 












137 


71903 (9) 


72040 (10) 


0200 


260 




3.77 


X 


69 








0300 












73 


72040 (10) 


721 13 (1 1) 


0400 


139 




3.77 


x 


37 








0500 












195 


721 13 (11) 


/ZiUo (12) 


0600 


370 




3.77 




98 








0700 








— 




204 


1 ZJUO v-izj 


/ZJ 1Z ^Ijj 


0800 


385 




3.77 




102 








0900 














72512(13) 




1000 


5999 








1591 











133 m 3 /hr = 1591/12 = lJW>M Ji- 

6000 ml = ijjo j-ll JjSjJI knA ^ 
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5-9 JjJaJI <J iLalt a j 42a! dULuJI <> A\*j*j.ja A\&jA f !>Vl j lJ j*all »Lw uUuJI Jxu :3-9 Ji<i 



9-9 Jll» 

^jJajJ ,^lltn A Its o ^gJI i_fl^i-all alxa (j-a 4jcUjj dlbjC llliil 

llAiuJI t> ^iVhinm ^Sll eljJtfl Jj^ .J>.«J t_jUouVI ia^u 3-9 J^JI 

(_5 _^aa 4J ja*> ejja J!Jli. j 24 hr LS lc~ ciilijc jo-aUi AacLJI _^i*JI 

Jklj a\£jA djli«JI ^U^J ^JLj . j^kl! 5 j U-l^a 9 ojj 8 hr UjJ 

.2500 ml bjf^ 

3-9 ( »|jiiu,lj 8 hr U jja CjI Jla J}Lk j 24 hr ci^ '2500 ml 

24 hr S jSal <->>i cM» = — 25 °° ml — = 0.15 ml/gpm 
720gpmx24 

2500 ml 

8 hr Sjaal lj J*le = .= 0.30 ml/gpm 

" 1000gpmx8 
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ml _!L a^LJI CjUxJI *l >1 




(hr) li&ai 


hr 8 lS^I <kjA fep 


hr 24 JSJ Hp 


(gpm) 
(m 3 ) 




= 




X 




74 


= 


490 


X 


0.15 








= 




X 




63 


= 


420 


X 


0.15 


420 


SljI i 




= 




X 




54 


= 


360 


X 


0.15 


360 


kj2 




= 




X 




47 


= 


310 


X 


0.15 


310 


kj3 




= 




X 




43 


= 


290 


X 


0.15 


290 


I j^i4 




= 




X 




46 


= 


310 


X 


0.15 


310 


UU^, 5 




= 




X 




58 


= 


390 


X 


0.15 


390 


Lu^>6 




= 




X 




84 


= 


560 


X 


0.15 


560 


UU^>7 




= 




X 




93 


= 


620 


X 


0.15 


620 


Lu^>8 


270 


= 


900 


X 


0.30 


135 


= 


900 


X 


0.15 


900 


UU^>9 


310 


= 


1040 


X 


0.30 


156 


= 


1040 


X 


0.15 


1040 


Lu^, io 


340 




1130 


X 


0.30 


170 




1130 


X 


0.15 


1130 


Lu^> n 


350 




1160 


X 


0.30 


174 




1160 


X 


0.15 


1160 


L*M2 


340 




1120 


X 


0.30 


168 




1120 


X 


0.15 


1120 


L*£l 


320 




1060 


X 


0.30 


159 




1060 


X 


0.15 


1060 


ij^2 


300 




100 


X 


0.30 


150 




1000 


X 


0.15 


1000 


ij^3 


290 




950 


X 


0.30 


143 




950 


X 


0.15 


950 


1 y^Z. 4 












136 




910 


X 


0.15 


910 














130 




870 


X 


0.15 


870 














121 




810 


X 


0.15 


810 














114 




760 


X 


0.15 


760 





709 













103 




69 




0.15 


69 


;l^9 












94 




630 




0.15 


630 


;u. 10 












81 




540 


X 


0.15 


540 


k;i n 






















Ml 2520 




Ml 2596 







<_a aLm ^jjSj 6-9 

SI <_ajj^all aU-a j ajt > ^ jj^SU Ic. jo^ Ajjla-all JjSUull jaSl jj 

fa/u^S ^l^Vl t-jLiuuVI CjliUij BOD j) .^i**]! ^Lall J j<JI j BOD 

BOD ^gJj A_uuj]U AikJI 4aL^JI i jA\ j£j> jltii .kl*. j] jjJI AjaJUJI CjI.1* j 
4J^lj (jJ^- (j^Jj • ' . M » h JjSI JJC 4jjjJa*JI ia.iLa]| ^j] (j-*^ LS^* 4 cs^j 

O^aj jj .2-9 J j-iaJI (ji ^i^SI J^' ts^S ^ y-<* jiS j^I el 

4i\jJaj c4jaJU-ail IgilLli j ^jjj^all 6 La (j-ajLoa. JJ^J CjLjIjlaSI oOA J^La. (jx 

tAjjlall j tCOD j cpH j cLjJ 4^.j.s J±?uai oiL<Jl i> JjSj is tSllj ^J] 

^lilil Aoiuj .aJ la <\ "Li&j (j^ljua i^jA^llj ijjjlllj ijjLujaSlj tLj_a^VI j 

Lia&Lawi jl^La li <~\\\ (—ajj^all aLa ^^ic- ll jLii.V I o^A (joj (j-a jLii.1 

^uV 3-10 S jail! ,J Ui^^^a jA US tL LLill BOD —II jLli.1 j] 

■ AaJUuafl ^»Uij Jji.um col _ojoi <jx UaLujI CjljLrkVI lil Ajl ^Jl Ijkj c J j^aJI 

^Jj BOD <-_buij c £-Ja*-aj ^LiVl <Aja jjuij tSlli ^Jl 4iLjal 

. Jkjll CjLj.^U ^jj^JI 'aAM jM *\jJi ^i] BODj <COD 

jj^i L ^i\l ^jjj^all a La (j^ Ajaolj <CaLu jl 4 Kn a ^1 j-a ^j^j <_s^ c - o^^C- l) > aj 

^ ^jc. j^fa dlljpa liljAa. (j-4 j K flifl^jjl Sjbj aC.j ^xAjjaSI BOD SI ^ja 

dil jlili.!)U 'oiLij ^-JJJC. cJj"> ' ""' l>* J > ^ lS ^ ' ".' JJ *— 'I jV^^ 
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Jajjj j| ( . ia>j 4ja&I Jj£>\ j V j].la (JjaC-I <*jj;-*- diL-aj^all jJlij j .aAk'<i<\\\ 
oUa (-jUjouI jj . jLuc-VI pUfl aJuLai 4Jaa~a]l JjV *n ( fljl £-a 

■itja-aJI JJC. £jUl J (^jisuJI JlalgJIj t<_jjjila]| j jJjujVI ^ f jJI J t^jjj^all 
(JUJJJ ^1* fi.a 

J lillj 4iLjal .AlauouJI tliljLlkVl CjbtuJ ^LaWll jjjaiiil] 4jUil 4la$-a 
AjjUxuill j| j^II j tCjl jjVI *lJ j c^UuUll SLaaJI CjLia£ lWjui J j* UJ^J 

L_Sjj^a]| 6 Lj^ CjLLujjl (jc CllLa jlxx j (Joioiall (JSLLaj t'La-j^Loball 4iUa]lj 

.^tu^JI 

5i Jj*-a JJC. jl <Lj.}a]| (—Sjj^all aLw <=JU-a J AjLaC ^jiUj J 

jUljl JUaj c^jjfLall JaLiall Jjlaau j!>La* j-a a^U^ll LS^Jij (.nrnTl 

i*lVl (_uaj<a (J^'".' 4 jaa o\l CllilS jli ^Uaj ^ 4jaiiia]l 'aLa^JI 

^jjj^a aLuu ^a>jVI Jc JjlxJJ uLalli jaj Cllli jl ^ Ig.mS'i CjV jasJI 
aLud (j^a_aa»all JUJJ La Llilc. j . jJjLa^aJI |»Uaj l^a. jla ^2; <Uc.ljj^a 

l ■ numti JjjlxJI Jj 4 4jj.la]l ujjj^all sLj-al <LaLu^l jl t^^C-l li L_Sjj^]I 

4_uli-aj <J\j± jijL L_la.jjj tCjIjLlkVI 4-a£la ^jUill CajJJ jj jfU .tillil 
• Igj ^Laillj ^IauJIj a jjir . <-i 4jj la <i 4_iJ^- <aJla-a a^.j ^lAaJLub 4jaJlaua]l 

•ajjijj] Ajuoilla ( jjL^xiil j ^^ic- <— ajj^all alo<a <aJla-a Ajj\£^aj ( " ll.i.i i l jJ (jj 

^ jjJaiJI m Ljjj^aJI aLi-a ->hr a jl ^C-jlLj .AjaJUtAll 4jjJ-all <ixa-a 

1 ji <*.\ > 1 ( t«v i 4j| VI t ^ il^ oi l 4 fljj-^ll aLbaJ I ^ 9 ifl^j ^xj ^J^ g S I all 

t^iau^a C'lj?'] J*J .^jj-i-all jJjLawa ^ l^.jJaJ ^ LajgJ I <Jj3 Ajjli-a (JJLaal 
jl jl i ^ill ^jjj^j]l t_lLujdjlj AijlLa jojS Al lili^ py^W jl£ jl Aj^aLajj 

^ir j'nj .AjaJUtAll iJ^LLaJ ( ■ l±u£3 jl AJ (_3fui ^3 ^^ja-aJI ^jjj^all alxa Joaj jl^ 
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oLia t—lLluijl 4_i«a£ '^JS-^ dlLajlx»a jjg y"\ ^jjLall gju ^»<\SI aji-ij (j- 4 1 . iSMI 

oLw (j^>M > j t< ■ iLlmjSU 4jt3 jia <Uo jfuil j 4jajJ UaLajl (_jAjJaJJ tujjj^all 
Jjal j-aj '(j^j jAill jUxaJI (jc 4*3 jlaJI «U-a jjll j AaC-LoJI jjiu £-a ^j^j^all 
<J LjJJa-o >jW 4-9 Jfr^J .^.JjLaSI AjLujaaSI <=JU-aJI 

4j| jkJ ^iuijlaJi 4jl^aSI j| jaII jUu laiu t^r jUJ ,Ja:u3l jA j^S-^ CS^^' 

^LalVlmrtll lilliS 4jjLa-a BOD Si <S ya^. j Ajj^aSI OJJS jl L-L^J 

i-ijjL-all oUa AjsJlaua AjjlfLaj ^jjjISj .<Gl£U-a ^jj ^ill JaI£1I ^aJL ^»Uaj 

J jk-aJI ijjm jj AuLli j tCOD —SI J BOD —31 <SI j] s*U£ Jla CjLjLoj S^UJI 

I ■ la-j A LxullaSl eLaaJ (biota) ^a-SI ciJO "SI (j^r>qSI j 4^ j_>aaSI 

t_ajj>^ fiSaAJj A , <\SI ^^cljj^all (—ajj^all aLi-a jj-a (Jflj .i!.XaL is.li._aJI (JjtiTi 
^cljj^JI ujjj^aSI oLla £tJl*J LaAi&j .4 jS^ <\SI (—Sjj^all £>Liaj 'Li.j^a-a ^fcl li ^1 

sUa 4i3li-a a.U*ia 1 Jmii 4£ji^La AaJIxaJ ^lliill ' . >aJ . CllLoiuASI J^Uu j ^ilSjl 
^UiuSI jlaSI t Ljfl^iSI (jAjJaJJ ^ ^S^ aSI Ljjj-aJ! oUa ^li^all jj^aSI 

.Ajj^aiS ^laiSI 
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t-i >yfllt sU»j (jCliuaJI lj jj-a3l »Lu (^Jc j$JI 4aJbu»ll k±2±t\ CiLJi jii JI^a :4-9 <Ji>i 

1. U.S. EPA, Pretreatment Standards and Limits, <http:// cfpub.epa. 
gov/npdes/pretreatment/ptandards.cfm>. 

_J| j ^g-ajJI l-S^all oL* l-jUau! l_Uua.l 4 1-9 J jA=Jl *JS AmAl 1-9 

I jj! j 200 Jjalauj isiij- 30 ajjaj jili goA ^Ua^J 4ikLa (> AajUII BOD 

Uiajl ^jlall ^ .U^L^i 40 Uji <_£ jj^jS j t(jjali ja 5 4<3jc. 20 "Lja 
j ^^^JicVI CjU jlUll .uo t-io^l .jjali j^il ALi 20 j taJjL* 41jU] V jia 15 
BOD _JI . fJ JU/^ jall/BOD -JI cjl^jjL 
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j| jA <Sljl S*li£ i.bJ ,.2-9 Jj^Jt ,J ^Uj-uJI cjUjkAll fhV..L 2-9 

• <JjJa> 4^JU-a .lajj ^ J ijjmjj BOD SI j 

Jj^sJI ^gi ajaJI ^jaajuil 4 12 mgpd oj-^a "-riLuajl (j- 4 3-9 

Jill jji^jallj t^JSB ja^jjUlj cBOD _Slj cSS —SI t^hijL 

.fLsJI i_fl^i^aSI eLui 
EPA t> La£ Aqj.nJ <=JUaSI JjJakjS 4-aLJI JaLajVI La 4-9 

? jj^-oaJI (JjS jj-a 4£ jLa-aSI (^al^ail 

<SS —Slj cBOD _SI CjUjL <.m,Vi c3-9 Jj^JI ^1 r l^kl->L 5-9 

|j] .(_ IjlaJl <LsJL-a lJjj^o aLba (j* 50,000 gpd /-fl jjLoijaSlj tyJa. JJ^iSI J 

^ jJiiSI j .400 mg/1 — j SS — SI j 4 500 mg/1 _j BOD —SI U> j^l ^IS 

?JjOaJI aOA <*-a c3*' C-^' ^ ^5 — • J-^" 1 -i 

(jKmll Xic ^Jjj f£ t 4-9 J j^?JI 2-9 J j^?JI j=aiSI fl laamL 6-9 

Liji^s oLaS 4jiliLa Liji^s oLui ^LjV f jlj y aa uj f£ J^l if jaiSI <LsJbua] ^IfLall 
?4-9 J J^?JI <ji 4^.J^a]l f jaJll 4^JU-a 

— Lu^Laus cKsjl ^ » S"»^ l33^° 500 <j-a (jj^-a ^ j£ > a £-aaJiS 1-il-iV 7-9 

jj^j La 4^_Cuj]l Jajaijia fj2 fhV..L . J J>1a51j (j^Lkjjl ^ii^ Jaui jIaj fj 

^jijll ajjIaSI AajouSI ^ La clOO gpcd fhViuL ?<Ji.l^lS ^.jSI cjLuauI 

1200 ft (> j^jL>-a l-ujLI Cjh j tfj 3.4 V1V..1* q±J AjJaa 8-9 
^aJi&Vl ^ijSI l_u^I .16 in. jlaL 430 ft j dO in. jJaL 800 ft j <8 in. >>L 
j tfjjj 1/3 Uj^a £il ja fhV1.1L .i_jjjLS/I J j^j diLaj jail j^c ^Jl taLlJ 

(Jni-sl .L_lLujijVI Jajujjla < L.iVl 4120 gpcd iiKl$iuL t (jS . .) <\SI (j^aLkii! 4 
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*80 gpcd Jj5* 4 125000 ^Lj jliu. ^ jJ ljUuuVI jla ^JLu 9-9 

?ajji]l i—iLujojIj I ■ iIauuVI 3c\ i *aJ (J<alc. jA La 
. <_ lL j (jjoila ^ ^LJI a J jilt i— iLuouV laa j £tjJa A La a ^a*a. J.ia. 10-9 

t^jjj 78000 a^U- Jc 100 gpcd ujftVmo ^35000 ^Lj u 1 ^" J ^ i> 

^jjjjIIj 4L_ fiLaJI (_jjaaiall ajjill I ■ iLlmjl j t^jLaJI (jjiiUI i . iLluijl Jajjjjia i_Loia.l 
tCjUuJa* jjo-aa. Cjlj ^jJall 4-La^a CjjIS Ijlfl .^rthr-Vl £cjuj]1 j t^hr-Vl 

:<Uaa.!}La) ^gpm J Ij^La <La >^>^ jA La 4<La.laJI £jLi> Ljia a.la.lj 

. <»r-ilj«JI aLw < ■ Ajjoijl 1 j <\ i <i Jojoi jIaII jj-a ajjill iJjj-a al_La 1-jLlujl i ImaI 

850 mg/1 is jao (^x-Lu^j Ljjj^a oUa %75 ji ^Lu^a di! jUui i_jaj-a 11-9 

(jiajaJ jaII (jitj-a ^aLoij . jjioiji ^ J 'Ui^JJ^ 30 Hlg/lj cBOD — 51 (ja 

.Ajjlc aLta a j2 till j <_ajj-a sLva Jc. jj jLaJI i—iLjouVI j-a %25 J 

?<luAia djLii-a t-ijj^all aUa ^ jaj Ja .(-Sjj^all aL>al BOD/N/P <iuij i_AuiaJ 

^UjiJII ^LpUk^VI cjL> jmull Uij^ oLuJ BOD/N/P <^ ^ La 12-9 

La t \u'<~k\ lij ?Ljjja. ^cJLij (jl LfcjLaJ ajlA L_ajj^a]l aLud (J* ?3-9 Jj-^?- J 

?L^iaJLt-a (jfLaJ cJ*J t ^Jjoijl l jjfti > n ^ 4^laJI L_Sji^a]| eL-a (j-a 1 1/3 Bjl.}La 

4iLua]l ibLall j! jJIj BOD _J j ^Lu^l ^ 4-9 Jj^JI jj 13-9 

^Lj . dlLJa j-aJI j 4 ( ■ n\-\ \l j cUaUaJI (JjlSj ^?JLua J-a <LajLs i_Sjjua aU-aJ 
SS £k| p£j BOD J^La jA La 4 12500 JJjL>a]L j^'^JaJI jl£JI 

y^gcLu^l L-ijj^all aLuJ ^iL^all jlljoJI jA La j ?4jsJLua]l ^Jaa^a <aoLll 

LJjj^ aUa Ja t^VI Jj^?JI ^ <?-J^ t^jLlJCj Cj|«.lj3 Cjjjai 14-9 
Iojuj jla j a jjill t-jUoul j ^i^l L_jlWs7t jA La .AaJUx 4 La ^ 

ml Lj^aaLa 24 hr (JAa Jc <j£j-a 4jjc- <ilja.1 Jj^a. ?t_iUja»jVi 

?BOD jLui.! JjUu 43000 
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(mgd) Q 




(mgd) Q 


t>jll 


(mgd) Q 




10.2 


2400 


16 


1600 


17.5 


800 


7.3 


100 


16 


1700 


21.8 


900 


5.8 


200 


16.7 


1800 


24.7 


1000 


5.5 


300 


17.5 


1900 


26.9 


1100 














5.8 


500 


16 


2100 


23.3 


1300 


7.3 


600 


14.6 


2200 


20.4 


1400 


11.6 


700 


13.1 


2300 


17.5 


1500 



CLlliwJI f.\ jj l_jLaO> J] (-S-lgJ (-jUjaljVI CjljLj <5 J-^ lioij ^jja 15-9 

. 2500 ml *jjlkJ! 



(mgd) Q 




0.97 


600 


2.91 


900 


3.4 


1200 


2.33 


1500 


2.23 


1800 


2.14 


2100 


1.55 


2400 


0.74 


300 



.^li^ll tj^all sUa! J*Li BOD CjUlLlo i_L-a 16-9 
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10 (MS 



AjlSail JJjL l^jLija. jjc. L_ajj^aJI oLw Jail 4ajJajl t " laJj (_£jL>a]I 

^1 j tl_ajj-all ^.iSI Cja^A .jaJ .L^a-jla Jalii ^Jj j-lall (jjlalia j^s 4jjJajVi 

t <i ^il eL-a jLji. (_Jij t jjic. ^jLojIIj jjic. (jj^LoJI (jjaJI (j-i-a ^ '" 

(jhj-J jaJI dLaAaJlml .oal .^LaJL) jaiJI j/s 1 g"nl t flAg-j (jljaxll J^lal-La (j* 

CJS La UlUi 4j]jla]l Cjblaill Li c4jjA^ CjXJaiJI j-a (j^kjll Aja ja^Jlj 
^Jj j&Jj AjouLj A-ia » r-i la jjia (j^ (J -0 '^.J^ jj^I ^ 

^ cjXjaiJI ^jL. cj/j^ J Ual^^Laj j^il Jla U^a jla t^Vl 

JjlaJ (jJ .la] .1850 j»lc ^gja. Jlal Jjji= tllS j] i—L^aljxll oLw L_SjL^a 
oLaII ^3 jAjowJI Jj^aJI <t j £^* J J^M^ J-^ (J^ CjUuJaJI 

t aJajoi ^JJ IfriajJa (jhl-sl^a jSjJj dljajll oLudl t_UjLI .Xa t^Jajir i synW 

t*.LajL AljA^ual\ CllXJaall Jaj I^Jj Aasu^all jikJI Clutxa La jlc jluj .Ig^Ljaa 
.4£jl^ui jL>-a UU 4jj^-a n ft^al j»JI oLw (_SjL-^a i—UjbVl JJC 

jl V) 4 j-iAjl j<u <i t_fijjiall jpi jjota. ^3 I^A ^Lall ^LtaJI j»Uaj jl j-a ^C-jlLj 
a la LxuJ I AjjLaJI dil jaaJI sLvj CluL 4-aJLt al l jjc. C_£/Ljaall 

^»lc (Jj3 a laJLall CliUV j]l j.la j)A ju£ ^ ^jH^all ^jL>-aJI ( - n udjj Jal 
oLuij ^^lall (—a^j^all oLui <aJL«-aj (_L^a3 ojjjjja 4jai.^La (jj^J lilJij cl900 

joa. ^^gia .jj^iutll (jj^ lDL^ 4j«jLi CjjL 4lj^aalall ^jL>a1I (jl jjc. c4-aJ^all 
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jjc. jil oLia ^jjj AiLjaj JaSa LS jaJajo»ll jLjaJI oLa t ^^iljaJI oLia <_£jL>a (Jijj 

iJjS 4jaUi<s CjULaxS £jJai*J ( - t4^1U <\\\ dlLioia ^gjj *i> ^>ll j ^jiaJI 

^JiiijC jL>A eLuoj] ^ 4<SjiuLa L_Sjjl^3 4-UjLll 1 Api j .Ig-i.^la 

(j-a l^Jiil «<LuJajaJI L-ajl > ^>o\l ^ 4iL>JI <ULaJI jLu ^j-ajJJ La 

t^aJU-aJI CjLks-a ^ Jl.?aJ Jjjil! ^Jajll 4JUJI jlij Lai .^JUaJI CjUa^-a 

(JLasJt jU-a j»Uaj 1-10 

AjtjJa^ALa <_Ji.l.lA ^)JC tl Qi^tII oLa i—fljj^a ^aUaj ^1 Aja T— > > nil oLa]! i_Ji.Jj 
.^jjUliall lJ^j^I oLa ^rtVi ^^jll 4jJaikla]| ^La^l ^ ji ^-jljjuill L_ujl_iA ^ 

^jjSj L-UjLS/I (jl ^gJj !^>laj U <>."it\I oLa (_£jLa^a 4_}3 jaJI oLa]I (jA <UjaLaiVI 

JjjS <_l jfiVI (Ja». La I jj ^ i n^C (jU^aJ ^jJakluj o^jJuLuJI Cjiilx-a jJI (jli tiilJj (jc. 
.^jljjjill I \>t~i\ jxl\ oLa (J^l-lal (jjsuLi ^jjJaAJ 1-10 (JfLll! laJ .AjSUa 

. L_)l jj-all (jL^a. £-aau |» jiL (_gJ jSLj t" 1 — Sj-k-^aJi <_}i..la" Ja-aol (jj^J 

^1 (J^Aj ^ ^ '^ia-l^a Jlic !>Lla 1 > >>q-N ~1 ^ (jj^J ^3 Ji.iaJI lOA j1 ^j-a ^E-jlLj 
»1 Liim al Lit ^ 4ju3 (jfc ojLc j^i JjoaII (Ji.^a" Joaj Lai . jL jajl 4£j^J 
JLali.1 ^ j»Uajll I^A (j-a^i j .4J!>Li. (j-a i_a^j^all sUa j^jj (^jV j3 ^,^J>" 

<Ja.l.lA (jj .Ljlj^l Ji-^A J^jaljlj ^u'MI «.Ua*]| ^^ic <*AaOAll ^LjjS/I (JIuH 
.Ljajl AjuLjo "(—lljoAJI CllLvj3"j "l_ajj»<a]| Cj\^j^a' (JA (j£ (_^a <Oj£a a£j!L1a 
aLuJI (_J^.^a1 (J^aVI Li<\'i\l ti—llj^l (jialiijlj ^>^\l ->j<\> (jJ^iall Joa J^ia-J 

;(J=J.1a]| jIOjouI 1 . llaJ j J^Ji 4£j^. J^ull t ba^jl jj^J La Lllc. j .^jIIaaII 
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L-.-J 


■! IP 




















(j—SE 4_uj J*atS ijaj »U»S ulutS "<Jj*aS 0uO» JiA»" (I) .£jLifl ^jjuxd »U» JilA» :1-10 Jii 

(j-ajVl <— Sjlall J& ojlfr (jjSj (_5 jJlj t q»r-»»\l aLl-al (jjJJ^)ll (_£ j^-alL jl jjoJI 
^jLa-all L_ nAjl ^Jaliij Ojfr Laj tdljj t"<— ll^a^l! <Ji.l.la" Oifr iaiia JJ^J jalj jLuill 
Jajiai. Jj^ t3^! .l^iliajj j l(gjlr- L_L>i^ll (j-a (j^J _>«VI t^hl'u -iC-Liij 

<JaJ Jl AjL.dJ oUaSI lJ^.^ djjau <>ajVl ^kJ ^UJI JLjaII ^ 4-yjtjVl 

jjpb c ajj^jj L-uAjVl Jaa. (JjS 4-2 ft IfrijlaJ ClLvOj a jSj j t <j£xl La jiaJI 
AjjLs dllj-o-a J Mi^i") Jill (_SjL>-a3l ^jLi-a J JJJ .dlljLujJI CLlljUaJ 
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aLbaJI (jLila £XaJ Aj^S dlLlI jJJ 4<*iij^a sLlo L-lluillttj jl .laJL) "a-llc- jjljJ 

^jLkx .lie. sLiaJ! ^ _>^J £-i-a <— itjl _jJ - iklmJ La£ .(_5jLa-al! ^Uaj l$C J^JJ 

jjJJj . t «.i^rir\l aLw (_£jL>-a (J t ujj i n ^^aJajoJI 
J j .4jla Jl Ja^J Ja-aJI J JagJI b±5i ill! nVlrt jl Cj^iji-a ^.IsJLalj lilli j 
aigJ 4j«ij^a |»jiL ^LaJJ ^jjll JjlallaJI J ^jLa^a Ja jixi. ^jj 4iLaJI JjlalLaJI 

jr-lia tlili ^allaVI J Laiu .^Ja^ll <J^>V AiL&ll 

(_> AjjL^ajal J&l 4i cJ j&\ jl ^.j iia t 4_pc jll <_L^>I j*JI 

^jjjj^aJ (J^Llla j^s jl 7. <\\\ L_U^aJ ' " <<■»■ to jj,aK.n\l djl jjall 

a^A L_ajj-£3Jj (jjlnllj a j 1 ifi, n j\ 4_}JjuaC. Jjllia. J IgjLjak ta jjir 1 <n 
• 4_uujJI Aj^JajoJI 4jjLall elslj-a-all J I g nil <-i 
4-aj3 j* t '< 1 ^r> \l aLw ^jLa^a -> j <\ i ^"1 J *La 'i-V'i 1 1) <\\l (jL^aJI lHjIc-^joi ^jljJJ 

.(3 m/s) 10 ft/sec <*JLu t**^ ^ (°- 9 m/s) 3 ft/sec ^Lu cS >^> 

jjc i_j jiiVi > - la J (j'linn V tluao ^^hr-S/l "^aJI ( _ s iajj Laiti tAjL^all i jA\ 

.aUJI ^ J jiioJI ^UaaJI 
bLlo (_£jLa-oj i i-_ajjui»ll (_£jLa-a ^jm^'l 5jjlLa ^ ^^LoiVI <— S^\Jli.VI (jj 

jl jSj ajiiaj jla J jlaA ,jjLuj] ( _ s J& Ljid'. a Altaic L-SJjj^aJ (jli JULall J^f" 1 cs^*- 3 
c_ajj^ill ^jLa^a Lai .^ja^all Ac\ K'l . nl jjLaJJ (jl 4j ,_^aj!iaj tdlljlj 10 IAj^S 
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j»_aa^a. ^ JiLaJJ t jjJxjll j 4_lai.!)La]l (Jgjoi ' ' ■" IT M °L-° CSJ^-^J (j^ 1 ' ^ L_SJji^a]l 
oLu lijL^aa jUaS! jU 1-10 JllaJI j; laj La£j ^jLio ^La.laJ 

^ji 111 ,SjU ^1 Ajjjiall cjj^l sLlo ^aa. ^iub! jLLal Jlial j£\ t-L^al jaJI 

j3 jjJ La£ .i L^axil all*! jl ■> 4j'qU j£) 4_jLaiji. ( . uU oAc - laUjaS 

3 ft <J) Jj-oj Jl _ji=>f j 24 in. ^gia. jlLai c^lj <aJLu» jjc. AjijjSj jS c_njli 

.<jaLbl AjjLu S j3 4jLo£^ 'AjjSj jSlI (j*^ jjl^laJa iV jij <_£ J=J j t4 ft J 

^ jIjjj JjLLj 144 in. 12 in. ^jj U ^ jIjjj jlLaL AliiikJI 4-yjLiVl 
JaAjll Ajoi^Lo ^Jalall Sj^KUl ^l^aj La£ .12 in. 4 in. (jyJ La 

.(-luLlVl -JaJjJ CjX^a jll jjx AillLx iaLojf j3jJJ La£ .4_^aLk ClLal ■laluiV 

(jjtylLaj t^laJjubttll t_s_afj^l ( -»">^ J teliill L_Sj^)ja] Ltjj Igia 1— 1ml u\l s-lilil ^JJj 

(j^aj^J lg»j'u.-i"l t_iljljS/l ClAjlgj ( Ur-i ^JJj .^gjJaj-a]! LjjIjS/j UjJJ^jJ 

1-10 Jlio 

8 in. B^)la3 ■ a jjja-a 4-a.lij (jl (j^-aJ (^ill ^ aJafrVl (jl£joill .11c La (i 
<C Jjluj 400 gped oj^S jLjja* ^Laj^aJ ^llVh.ilj ^jk^a\ £J-&J atla 

?2 ft/sec U j^a 4-ab jbj^ 

laJluiLl (jl^uill J^c. (_jjdjaj ^»-i^J U? '- 1 ^ ' ' ' < ~' r ' °Lw i a jjL^a-o ^>ia3 Luia^l 

aj^a ^^.Li.n jLja. J^Lua j c^j j^ll <^k jja 30 UjJ AajlLa! 4iLj£, 
t>jj '(4-30 J^S) .CjIjIo. 10 a j^a JLU JSI y 3 0.40 

.5.0 ft/sec U j^a jLj^ Ac jjujj c20 min o j^a jj£ jj 



721 



jjj^a 2 ft/sec <c>^ UIj ULja. (jli 1-10 J >i?J! tallU (i 
^ jjSjj .(0,7 cu ft/sec) 310 gP m 6^ 8 in - 

3 1 0 gpmx 1 440 min/ day . 1 ^ _ 

= /) ^->-s Ul llOO 

400 gal/day 

jbja. As. j«u JbuVI 4ilii-4 jJjU-4i kiJuJiS (slopes) d\ jlJaJVI :1-10 Jj^ 

(*)<U j^uufl uLfj-a23l j 2 ft/sec U jjS 





(ft/100/ft) 


(in.) >a 


(gpm) 


(cu ft/sec) 


310 


0.7 


0.33 


8 


490 


1.1 


0.25 


10 


700 


1.6 


0.19 


12 


1080 


2.4 


0.14 


15 


1570 


3.5 


0.11 


18 


2160 


4.8 


0.092 


21 


2820 


6.3 


0.077 


24 


3570 


8 


0.066 


27 


4410 


9.8 


0.057 


30 


6330 


14.1 


0.045 


36 



n= 0.013 (Manning's Formula) jjjL. aI&x* IjLucI (*) 



1100 . , , 

^ 36 = — jj . , — = ^>J^]\ 4^Uu> (LJ 

^j^b (>aiu. 30 

*4.2 in/hr = / t20 min = t>j d J<§-^ ' 30-4 Jlill t> 

Q = 0.40x4.2x36 = 60 ft 3 /sec jli 24-4 *LU-ol! ^lo^Lj 
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*V = 5 ft/sec jli t Q =60 cu ft/sec J*l <>j VA= Q J J] btnJ j 

' °j j ■ ""^ lij.i^a.« ■ jli tiilJijj . 42 in. 4-1 jiiVt jlaSj 

• 8 in. ojiaS 1 — L_Sjj^a _JJ^)^ ".' ;J -'•^ ■"' 1100 ^iij ij^" 1 i — -llj Calais 

jlj-allj t(jjUe»<JI j cdl^Ljaall j I lIsLj jjoijII djljjLaJI a^A (jyulj .AjI^aII AjjUJI 
^>jj La j Mill j ell jj jJI j t4_i.jjua]| tAjjjujaJt lIsI-IuaIIj c4jjjJa*JI 

(j-ajJaJJ . t ti>-itj*JI alxa £»a lam jLjaJI \ g j£ Ji tt ajjalilL lllLK unl AJI jj 
(jlalia j cdlUlVI t-iial _>a J U^ill CjULji ^LaJAVI (3^lia j <j^>UJ 4.kijuVl 

(j'li n"u ^3 j .Jiaajll CllLiiaj 4 4^.jjLall j£La^l jJ jaull j OjSjjIj ^.la^l 

(jj .CLllj_aLa]l (j* a jjir > CIiLa^j 4jjjia. djljaxaj aAajoil j_oi..jj ,_jl£juJI jjWllI 
^^lij JliilLj . ( '< > r-il jxl\ aL«a dl _ajj j-a .lajl J ; -» i J jal Clljlall jA » <~i n iaijJa 
jlxiLoil j CjljlfLudiVI *■! jl^l j-a jfLaJJ i - Uai j <L*.jjLai1 jSLaS/l dlLjola ^<u-aj jl 
aLw J^Loil dj^Ox-a SaJjJaJ jl <_ 5 Jijjj lilli Jj AiLjaj i—filjajl JjlalLa 

.^aJamll jbjaJI Jc- UsjjjIj j^i ^il 4jji^JI dilartaJlj S.WjjV1j 'c£J^ 

Jc Jjjall (jiajSj c dlULjajall j dlbjonllj CljLLLaijVL) ^fL^ill j iLjljajVI J 
^jAjj La_a-aCj .CllLlijl] ^jjlill jjc. ^jlall 4j3ljaj 4jjLaj£ll _oaJI ^I^JjjjI 
.^l Vs'i^VI dsV-ia-a J (— lLa la \\ eOuJI "ajbVl L_lL diao Cll^alj]! j-iL^a JafJa 

jj3 jalj l^Alo-a jUj^- CllV^«-a t Qjq^M t L ^il j*JI elo-a jLaaa.l liljj ^OaJLuj 
2-aAill Ji^VI Jj i j-all (—Uijjjj tilii. i^LYaLa]! Al\ jj J=>.l ^ [^^U jlji. 

^ i JiVt ■(J^jjj j^ 1 . '">J C5"^' ^IjoijVI ^IjJJ Laiu iiiJ^JI ^IS ^-a Jlallj 

<aJUuall (j^i j^al ^» uul j ell jjjll j lIiL^xaII j 4jj uajl (Jill j AjjjJaseJI ^1 

^li j-ajJa JWill j 4 ^ jT< lillij ^^)JI ^ >"u'i jljjl Alull j-ajJa 

.Ajjill 
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eli jlall i jjaajl tilli j c4»ag-a L-L^aljaJI aLw jl Vi^»l A laSj > ■Vi ( " ll <\ * n jl 
jj^ <_J£jVI AaL^all jIjaII ijji n jail <aJaia 4.-.I, > *\a o-iLij j^£-aJ .til^jJI e.ljl jjjataulj 
AjLall j| jaII LfcjS C-Ujjjj ^l j c<ajWI oUall 4£jJ Jl l$J j JjS l$J3 l_±uijjll 
4iLjaj AjjUJI CjljLull LuAia Lis ja A-ajW! liljjll 4 la i all <-_al jaJI "j2 jj I fla.Vl 
Lls^jljaJ Aj^xaII j-all (j«ol i i"i Aj 4_uLall LllLLull ^ jSj .4jlLj (j^al jl 1 ^ L£ uS Jl 

Auau^t (ijU^I fUaJ 2-10 

jjjIjj jLjjaJI jjc. Ajc.1 L ^ill j AaljiAll L_a^all aLus Aja * all ^jLa-all jijj 
JjLuall i—SJ^j^aJ £»aau CS^^ - JJJ^ -4 ?J*iJ •^•>^ 1> all CjLiia J] AjjJajVI 4jliall 
jjjL>aJI Ja jixi. Jffiun .^al j ^jLa-a iaa> ^gl !>L) jaJ CJ^J^ JJJ?^ 1 t^j ^Jiiil 
jJjLa-a Jl I libul 4_}C.^)all jjjl -\ j-a L_ajj^all eL-a 4jaUJ^)ll jj.S La jl ■'Uc.^all 
^ jSJj t"' ■ nil jj^a^a" jl "JL-ajl AilaJ' (jjjj^ll jj^svaJI ^. a * >n .ojjj£ <joujj 
"(_^jjaiall jj^a-all" Lai .^ajla-all l-i^. ft Jj Ajfcjail j Jjlalia jx <— Lji .Vill (Jib 
Jjjja j£ ^ ujiilu tt > >i (jjjjadj ujjj^sll olxa ^oJa ^jj jj^)a-a _a^3 

.4Mil\ jjfcu jLjaJI 
^l.laUj»Aj jj <\ ^ ftll ^jl S i n\\ ^^C •> all 4-aiajV ^jLj^aJI -j a ■ Vfunj 

:^au JS1 2LuVl CjU^SII 
.(1500 1/person . d) 400 gpcd :3-uujjJI Jji La j ^niUJI jjjU-all 
.(950 1/person . d) 250 gpcd : JL^VI Cjlik j ^3 jll jjjUaII 

^aall Jojoi jlal (jL> i_yi*la J^ 3 1 " U^J^ %350 :<l^ajail jJjLa-all 

^-a jLjaw Ajtjuj ^»ja (j^aljjaL (_$^Ltll ^aijll fJ& j»l^jVI o^A jlajJaJJ 

JJ jl 7» (jj^J (jl ^gJullj .(_^^ajlall ^^y&Lu^all L_ i^x^al] ^LuJjujI 
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0.6 ) 2 ft/sec Sic l^a JjSj ^1 j t^lj jj^j cjlc.^ 4 M -s A\ 4-jalS 
JjIaII j fj' 1-10 J j^l Ckj*^ <J^ (m/s 

JSj J jOAJ ^-IajuJI O^JJ -U^ ^-ij^aJI U^J?^ 2 ft/seC 4x.jjo»3 ^jsu^aVl 

jjSjj adll (jL^a. (Jia-a l^aS (j-ajJ 4<— Sjj^all JajJai. ^ 4j j la <\ll lilli (jo 

10 ft/sec (3 m/s) cjlc^JI jjUj licj s jiiVl jlaS lUj jjUi u^J^- 

(ja <-j^j^all ialla j l_S joj^l 4jLaaJ <L^aLi. AjJaLuA,! JJjl-£ (JJ.'^ 1 "' <_S*f^ 

.4^1 ^IJjj^! Cj^j^lj C^J t> Will CjU! jyi 
oLw (^jilli j £a^j3l cL itfkj Jj^c- (jic- 4 j-s ■ ^11 jjjLa-all 1* ^jj 

<>«jtfl ( . ^ > A t^ic AjjjLaJI jJjU-aJI .Xa ^JJ 4-ale S^clSS j .(jJal <>a t_ijj-a]l 

(j^faj j . JjliaJI diLuiLoil 4-«a tliau (3.3 m) 11 ft (jc JL V Jjac. j ^jUiU 

4-ja > jJjLa-all .Xa (jfLaJ lilii (jC iJjAj^j . JJ jl a\\ Aa liBj j (JjjjlaJI 

4j jjll i_a j JJa <mii (JLa. J • (jj jJall (j^s i_uLaJI I jA Jc ^j^iall elL/L^a j 

djl j£a. jSa> lilijj JjjjlaJI ^ nl 7» (j-a <__! Jfj^l dj^ilj^aj jl^j] 4jU 

^^LoU3 AajJill ^fl Lat .AjSjI jjJjA ^al jj 4^1 jj Cjaa lj jjj^l 

^JaLa ^Lat dula jia. (JjjIj j»jSJ .l$J3 i—UjU^/I Jaik ^»Uij ^jj 4jaa3 jiaj jia. (JjVl 
(jJI ji=JI jlj-a ^1 jaJLaib ^ jJj jlia. Ia^*J ^jL i jiaJI 4oLa3U (-Jjjjl Jji 

iallaJI j .(200 mm) 8 in. 4jjjUJ! jjjU^I] 4j ^^j^ll L $ju^i\ jLSJI 
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24 ill. (jft lAjliaal Jij (Jill jJjLa-all ^jJujjj .t-ljjjVl ^llmjl ^laj 3Jjoij4*1I 
^ t"l-^,nui jSVI (jl (ja ^C-^)11jj . jaU-all (jJJ La ti^jl ^JSIuiiB Jak al jlj-aJ 

L-lLboijl 4_Luail Ajja LaJI L-nAjS/l > Lllajj (j^-ajj .AjL^aLall ^Jakll AIjjaj l—IAjUVl 
^ > all dlUaa-a ^AaJLaU .<_J jfiliU «. J^?JLj jl jj^VI jj-^J la» > ^->\l Clllij 

JJC- 4ja...il jj j-aloball i_lL>jijVI l$J2 j^u ^l Cj^LaJI gi -laS3 t^aaJI ^Uaj 

.a jTwhoII JSLLaj 4jllaJI IfriiK A~\ fn tilljj 4 ( _ r L»C. 

Ulc. .JjSjjjII Cjj=u aix. l-ik-saW ^JiaVI 

4_uiajVI C-iLajjall gH*^ LLoixll J^-laJ . JJ jL>a3I jakkxl ^jl jC- jjia £Uuu> 

djI^C-Lull j tlllc.lijjVI J^-laJ <— IJ^J cs^' s J^=" 0° JJ^-J ^auJaxi ^ jSLi 

jl^La £A jJjLa-all Jakj tjj^ajVl g ln>n V-ii-T't all ^JaJj <ClLa. 4jljaLoill 

CjU jilmll£ 4.»^aUJI CjLajuill j t^jaJI Jalaill (jol j! l_J Ji.Aa ^lijj^l 

tala^ll "j=J 

CLlLiVjll ; ->ht o ^ 4 ^ > ^>\l CLiIjjjAo (_^a^)ajj .L_ljj^all aLj-a Jajlr^ jj^awall 

ajJ ^ jSLill J^lill ^ J 1^ j (3 m) 10 ft aj^a U^iu ^JaVl JcUll ^jJ 1^ 

sjjj^ jl djI^Lull aOA ^Jc ^JaaU-all jjbu Ai&j .(3 cm) 18 in. 
^-IjjaV <au-^all <JJJ^aJ JL-£>jVI ^ cjjjawall di^j L^jjlA eL>« Jai. 



726 



Lid 

diljjjaij ^1 ^lal 1 g \n La ^ lIl/Ll^s j]| Ja«ajj ^Jjlsk-all ^ ^La laJLai<a]l jl j-all 

jjLaJil till i j ^^iLJ jjjjgJI ^jalll ( " l^J ^JL (_^aikj-a jjj^m jA (jjiuull 
jjAjJaJJ . (_^aii»l<s jl jOjui jJ jl jl JJJ^. i^Km ^JalSj j 4 J jja. Jja. j (j- 4 La Jj jx-a 
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CJJcUjJ <| jj i0.00412 »jJ2 ujIj Jx» yJe sjUul ijaj <j^M jlai«JI jfSaj .<jjiuJt u*->ifl 

j| jj t-lujj tillij 4(0.9 m/s) 3 ft/sec t> j^l s^bVl ^Lu-jVI 

laj J^*^ CS^* 3 *L5 (j^J^^ J^' J' tlh^ J^J 1 " (j^Jf^l oLvJ 

J!>Li. j .yJA^afla^a jJJjjjl ^c- 18 in. o^>laa jjja^a ^ji LLuiul 2-10 cJ^jill 
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jlij (jli t6 in. (JjjjjI! jjj^all .j t_jLujdjVI (3*° jj^M) LaJiic. j -8 in.^laali 

L> l£ J^j jWr^ L)iJ-i* Jja^l JjAIl^s ^Jjlbai t_S jj^o\\ oL* 

<C-jjoJI c^glLa-a t 'tr-n (jjJJ^ll JJJ"> *W UJ-^! ^ o\]J t(j;UjjqjMi\l (jjJjfiVI 

W^JJ^ c^i ^-^j j Jj^l (jJjiJ <jj%j -3 ft/sec c> jj^i 

. jjjL>a!I Jajlai. t LjJaHj -liLa j^alj JJ-i 4(jbjaJI L U >i J 
(jiia. ^jS (jx t(_J^i.l 4.UJ (_£l jl ^J^. AiLai jl ^La j-a-a -^»J ^aulJ ^1 (jli 
jia. ( ■ dlaJJ V tllLjiij ^l.vyiml (j^-aJ 4jli (J^ajVl ^Jajui (j* I jLucI <U3 t_l jjjl Aaj 
ji^JI ^l^aajujL 3-10 (J^oiJI (j& JomjW jjj^a j£-«J 4j| j] tjj^ia. 

tjjiSjaa. jL^jJj (jJtjLjIall tilS TajG j .AjjjfLus (jlijl jia. <JjlaJ J j^Vl jUaJLl 

4jjj]| (^k. jUaVI iaioJaJ Uiifrj .(U-10 JS^I jlajl) (J-»UJI 4-1 JJ&I t>uJa 
'"inTn jUa^/l fjijj .<— Ljaall j ^JJ^I ^ jk ^ c -^> ja ^ JJ-^ jltaJI ^jL 

^Jjij JaiuJa 4joijUuu SjltoJI ^ jSJ j .^jSjIIj jliaJI jIjaLJ *.Lul ^ 4jjjJI 

ajk^j jliajl (J . ^>"n La-lic-j . jliaJI (jljj-i £-a (jaljia (JSjudj t—ljjjVI (J- 0 ^ J 0 
«UajJ jJ f»^^L) 4jLjl$j Aui £-a 4iV j Jc t_l jJjSH t_u£jjj jUsJI Jlajj ^jJJ frlSjJVI 
^ jl jjj i— uSjoj ^ jSj (jl jliiJI AJajoil jJ jiaJI CjVV jS-aJj .^lIulJI jjliJI 

jliiVl ji^ dj^V j .(1500 mm J\ 200 mm) 60 in. J\ 8 in. jaj U UjLLal 

jS-aJ i - 1 (_^jj jjfaS -^aj till j JaLajVl <alii-a tlil^.1 j AjjjSoaII 

jij^al jia. CjVT ^iViun j .(t_i 4 _ 10 JSjill jlail) (jiill jjc. Oaj jc. t_ijjjSfl 

*(700 mm ^1 250 mm) 28 in. - 10 in. j±> La UjlUt ^ JjL t_uiJ t_i£jal 

s^lc) ^IjSII (jiJa JjLuU l^V-_>a j Uji^j ^JJ Ajli c^JaUll Sa > nib Ajjilll aJI jj £-a j 
a j3 (j-a t air»Jj t_l jfiVl JJC- U^ijJaJj jiaJI ^cjl jj Jib (c-La ^-a tlub jlij 
AJVI >>a Jl JiLJI lOA JSi .jraJ 4l\ Ok <jj^| ^jla^l S<^\ 

l ^ (j-a t_l ^S^JJ .o^lc- l3_»=>-a UJ^J J <j' JJ"^ J-*C <2ajoil_aJ 
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(JjAjS ^Uaj jiaJI CjVI (j* JJJ^ - . jiaj 4JI Ajali. ^ill ^ljfl]| J*-^ ^ 
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JUS jia. 4JT JUa. HDPE "fu .jfi jja- £U; <^ jjj+a y& jlaL. :3-10 Jii 



La jAj fl^al 4 (jijj y^- 2 ^=»aj (Manholes) cjUaall ^Ji** 

<J\ V^li U .(5-10 J^SH jliil) i ij]a3SBj i i.TfiH JLocL ^Ull Ual£ 

Ldu .a^iUa jjj^-J] ^jSjJI IxaJ ^io <auAll Jli£ja jUaSVl ajji^> 4^Vl 
^JJ aJojIa dsL^aia <UajJ jj Igjlj J jj^a jll <jxab tj^J 3 °J£^ J^jW-*^ <^ 

djIjUajj A~f,u%\\ *6^l& jj^J ■< iilVnll till jj JLaO) Jj^jouI 

f,VVi..n .(21 in.) 54 cm Ula. jj^a jjlll Jj^sJI j> CjUaall 

l " \\ (j-a Ajjxa (j j£j (jl (j! j.l^ll (j^-aJj . j j^a^a!! (J jj^ajll jaiuj jl dlLa. J.S 

. L_ i t\tc\\\ (jjjlnl l\l (_|^a jl iui^)a]l (_^a jl (j jjjjll jj-a ^Ja3 (j-a jl 

t jj^a^a jj£l Ajauall (J^Al LaAi&j . (j jlnll a-iC-lS ("i<\<m <-i U <— S^a. 

JJC. Ijjj . i—lljjaijV I (Jjlda. £-a ^oaJljj ^^SJ 4 j'l~> '\<\ AA^.\A\ Cllljjall (jj^J (jl ^inij 
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(joj La a Ua jjA (j^llj (jl ^*jjj3 40^)Ja3 ^ t— luAla J£}*J (jj^J *UoLajl JJJ?- 

Luic j . jk liaa c>*j£ SbS <y (3 cm 1.5 cm) 0.10 ft 0.05 ft 

JJJ^ll L-Jjjj^l O^C-li jj^^ ^j-ajij CS^j J-'* 1 ' JJJ^* f ' ^\) 

tj^J lilli ^1 Jj^j jail 4_ru jalll Ajjj jJall j . l_jLuu£U ^L>La Jlijjl ^ic. AjiaU-ai] 

j cAjoij ^UjjVI ^ic- jjjjja>-o]l M£l .0.8 in. ajii Jj-ac- -^^j ^ 

24 in. t>a JJ^W <auall ^ jjj^oll ^lajjl (_yakL ^jjjjJall ^ jl£ jj 
liiliSj clgJ) cJi-Oljai ^jJI (j^aa >*\l 4jU=J 4jjUxa aOA Jlaj .(<_j 5-10 

T S-l Jjj) ^JaLa £tAjoiJ .(jlj^aJI tJ Jc. 4jL*»3I ^1 jA\ jjLu ^ £cjbll ^iVl (^jliol 




jAj ujiji uSjj yAj jiaJI Sjia. yi yill ^ SJI (i) jjji jjja-. lai cjUakU :4-10 Jii 

AVN250Z £4>^ tSJjiw Jii! tr»a^JJ f-j) JUiu-l SjU <> lSJjS^I Jfcfl ji* ifi JjajJ 



(Herrenknecht AG. ^Sal>»j 
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(jjlinil 41a L« £-"^J (_J^-^ t^ljfll 6 jjl^JJ j\SLaJ 4 ->"\<\\\ Ja jjA l ■ Ifmlj 

^7>"^ J 4jjja-all jIAsoI Clsljjjij (JS ^gi dlLsuil! AifLal jj£j <ji ^^ifij .4$Jj£ll 
V ^cLij <_jic 4L-Jjij1 J£ Ajlgj JUC j 4tljUJalajll Oic t4ialaluj| j 4L_J_jjjVl 

jjjU^I] (150 m) 500 ft j 1 15 in. jUJ cj|j> jjjU^U (120 m) 400 ft ^.arij 
300 ft sj^a l-a&Ui J CjtplJ .30 in. ^1 18 in. jlkal 

U ^1 cjULo^l jbji ^aj .jLLaVl S jj±^> jjjU^U ^oVir-Vl Ul jA (90 m) 

. JJja-all (jjiaJI (j^J ^a.J^ ' JJ^ L_l jj&I jjSj LaOjc 500 ft (JjS 
toU^ll jJc 4j3 j=JI aLuJI L_l _^uiLa 4-Jlc Jjlalia <ji CjIajsII Jjc eoau 

. CllL jiaJI ^Oj (JjS jL=JI £ jlamll (Jjc ^JJj . (J^ajlill ^Jli jll ^Lal till j j 

4 in. i_ujU J.vyinL 

atj 4 J_in /ft J %2 jA JUaLJI ^jVI Jxoll j .(100 mm 150 mm) 6in. 

4 

44j'i^ui\I dil jjjsull (_>a*J 4 1_ in /ft a J^S ^LjlJa !)Ux UliaJ ^1 Vu in 4j1 

8 ^ 

(jj-iiaj .Ajj-ia jll Ja^s ^Sajj ^ jLiill (j-a ClljjJI I . iLluijl jljjjl (jli 

(jj-axll (jj^J L^J ^ ' " * UJ-^J (j^ -l 3 ^- ■i'*! (_£^ll t—ljjjVI 

4_«_nla]l (_^aj!iU lA^jc j^-aJ 4L_i ^fiVI jaJCjjl 4ojujLLo ^jjil^ UJ^ LS^^J •^-'jl^^H 
jl ^ I A3 CllljLal^ ^ 11*1 .L_ljjjVI i^A^i ^C^ ^5^1i (J^JOllI (_jJa*J (jl Ijail 

.(jiiiLaJLa jjacJj j^«til La^J (_lliaj |jj Aj^cli 4iJa jl^&V (jjia. (Jxj 

3JLaC j 4(_pLcVI <Ai=4-a CjX^>jj 44j&j^1 AjIIc L_njlji Liajl J*Vl (.iD-iUj 

^jlc^iU jljJ T Aii-a j 4 jt i ^ jj^a-a 4\ys-\j ij^A^J 

46-10 (JSjuall ^ ^cliaj-a jA La£ 'cjr^^' Li j"' ' " t>° Ijliicl JJ^t J 45° jl^Lu 
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. (_Lil_ (J^un ^<\-^\l jjja— \ i_ll.li.iuV I !)La (Jl— , ^ — ij— (J^ 3 ^ '"Q^»J V ^Jl— lLj 

(jUal_J _? j ( (jjjl jSl_i £3 JJ*I ^J _ajjl J T <i j Ullc- (j J— J 1 9J AC. jjj^a[\ (jl_ (jli 

L_SjL— —a (j-ajj -^J^l £—jl ^ La&J (3^4j "— ' JJ" 3 Li' ' ■ UJ^W 

jjja__| L_uijl ^ji Jj^j— II ^IjgJI <jJJ La V— ——I jJjla— ill 4— — laJI 

— jlc jILJI ejjL— — aj (j^-ij^l j— ]| ^ <5J ja^j— II L-UJ-VI — j|jJ._ «J —lL— —a £—a J 
aUa Ja jlui ij'lin'i LaiiJ t^Lull J_,lj _J _JcVI J-- _JjU_JI tllljlc. jIjjjI 
Jja>j L-__J ."-JjjjVl <J->lj (jSj ftlj^l <-rJ^ <^>-__JI ^l_j _J__ (_Sj__]l 
4_jj^_SI <_L__) La_ i (jja* j jajgJI .jjjjjj— ^l— ij _>~ JJJ 3 — — I e-IjA _ji (jj"> ——VI 
. Jl»a_£U 4— i\i JjI _4_J «U — j JJ— - ~_j— < _>~ ^— " _ £ a jjI LiLail dll jUJI 
(_£jla_a Ja ^c__> A^joj 4j3l_ ^ U» 1— — II 4j^ag_5l _)J— J V ' llVl a SI _)_■ uu 

— 'jli. elj^l "' *SJJ~— ^Jj^ i ■ U- JJ |_u c<Laja_l L_L/L_aj 4_3 £»a 

.4^JJ_JI 4_ol jll Al\ jj AjLaaJ lfrC-1 > — — >j jl AjJIc (j— .I—a (j-a — — — J — Jj— jjja__l 




jcV J$~tl jjJjj j^j— " ■— — 4 gM<H j_— j jjja^i 4—— (i) — il— — ' :5-10 <J— i 

(^) .(jij) 24 ^jl—u ji jjSI AjijaL— !l —I- >L_I ^jjSj U_c 5_uU _ ^jj Sj— - j»_ — — j (u) .4jtu— II 
4e j_J) i jjiVn t_J j • jjjU— II uujLii -jjA _6 iaj— II S^jj— 1 jljI jjil u — _ j ljU_£sU 4oal j_I i_1t ji_l 

i— 1I4JI AajJI — ) j— Jl ui jojI Ajj^j j 
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jjjUaJ) <ji (_jUuJV( J lhU* 3-10 

<Jaj]l 4_L^aj*JI 4ikla]l 4_aLau> 1$J3 '<_SJ=^ 4_lJjj£j ^IjJ^ 3 J -(4-8 
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dlli l jljb ~ jLalb oUU jSLaJ .^ijLajJjl jljJC-V J 4AJ3.J <_iUuij| tllLuibSJ 

<_la..ij jl 7-10 J^JJ b»£ JjjjJall jl ■> <n\\ 4iiala] (j£j£ll ^ - j^^jJajC. ^JaLa 

4^)1jIj — jbilb CLiljialj) .uiJ'm jl.lajl !>L^I .j_aa.j-a (_£jLa-a "-J^aJjl J 

l*j3jJ oJ^aLLa Jl£jail jjJ j-a ^ mb'qll J£a11I jl JJC- i ( _ 5 jJajxll 1 g t Mql"^ a <JI£jI>! 

^Jajaball £-bll jj ^^ila-all ^iaLall (JjJaSJj . (^-iui <i\l (JSuaJI jjjjlaoll jj» ii 

JSL 4*1*3 I j]aj fcilttj t^JjIJ L-LLlUVl 2-. 4-aljliia^ ( M J \ 7-10 JiiB) 
«.Lall L&^J -jic ^aa 4jLLajl tilliSj i^jaJI t_lbjuijVI 4ilaLa JJC. (j-saJSj 

^j^. i—ibuul jj-«b' Jj '-a-^j L_Ljj-£ad3l alia (jl^aj (jjLuiVI J ja (flume) 

. (jjjjJall jl 7- aJI J -bile <C.JjuaJ 

(jj ' call jla-all (_3j3 tH t— ll-b.iuVI (Jcl &W-jb frbJI l_J j,uii<i £-liijjl jl^La JaJJjJ 
tlluol jljb - jLalb till jia .jlxi jl JjJ .L-ibjodVI AA<£j 4jaJI I— lUmjVt J^lA 
J* I » r-i ^ <illj j-a V^J . <_)bijb dlljiaj a jjuiI <JjJabj L-lljj ai j| <Ujl»-a Jaxjl ojjla-a 

ojlgj <1 J^?*-a ^bbj J l_lUuijVI ClVi«-a biaia jl jb - jLalb till _aia 

D (. <l>^>'< ^JLu 4ibja-a Jc- jA ^Lall L_!jjuila (Jjobal j_a-ajll (jlSi-all j .dlljjJlSill 
.L-lbjuiiVI (Jfr! ob>jb JjjoiaII Ja^la j-a <ja>lLa (oblll t>ajC- jl <-ljfiVl J^»3 = 
(jx Ijbd&l t— ibu u VI (^ji&l o^ajb (jj^J (jl <UaJjjai t buibu l ljx>l (jjul (j^-lll ^Jj-allj 
<J Lai tc_jLiuijVI (Jet aba <J LoiLo cJ-Luij^l jjSj jl . JlidjVI ,*JaLall Jcl 

jjc. ^^>ia Jj lj;l*jj-a bla. Ac-jjoiJ (^IJalall t_lb>,iijVI jj^J jl ^xAJja CjbjbajVI <JLjjI 
jjSj jl (_5jjjjJa]l jj-a 4j| Vj ibjiaus jj^J jl 4jlj ^aJ (JjjuaaII . iLa 

jU-all jjc- £ ja, ^jbiujl jAabl t_jbiiij^l Jiiuj! A*SI jll obUI J t_i _ji6U 

(jLail (jj^C jl£ |j| t_ijlL-all ^jaJI t—lbi.iuVI iau .(JjjouiII j-aC- ,_jjlajJ (jj i all 

.(1 7-10 Jii) ^b^VI Ja! ^b^VI 

jjja-a ( *JaLi t ^ AjajoJI Cllbbij^l ^ jl jb — jLalb Cj| jia l_£jj 

ciijJ i n^bll jl t^^ijill ^b>jll j-aj ^'u r-\\\ Ajjjuba ojlc jj^J J -ba <ajja J ja. j-a 

30 in. J] 4 in. j^ U jUaal ^jl jjj ^b>aJj 1,1.^11 Jjlill jjc. iV jail ji c^LuaII 
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a^IJ cjUUiVI ^ ±kj> . jhjMI AjkU jUaftl ffflb ^ 

A QAj^a <_u£jjllj .i—J^^jaII jlilc^iUj (—jLujU^/I (j^Llil t^JlJT a jl <juaLaba 




Jji H <>*j *U1I ja. uiUuJI Jjiuw (1) .J^l jU-li gfiao <j*ije jlai« ^ j jljb - jbUb Jiuw :7-10 Jii 
dua. ji^ii jiauJl jW- 4 ^ J*^ ^ > (") -^iy^ j^'y^ Jj *^ l Jj*<^ jW-^' 

ISCO :<> <*iat >•) <| jbwa uijiii <ji uiSj* jl jb - jUlb <J;Uim Ci\ j 4ajS Jalaa^i j&u (j) . V-if&l D (| Jtuu 



(Open Channel Flow Measurement Handbook Isco, Inc., Environmental Division 

jir-uu....^ 48- 10 JLjoII ^ AinJI t^a. jjLJI Sbialt ^Luaj^l Cjbl.le ^vVu.n 

. JjaxII jl $La]l t_J jjuiLo (_>"L}9 [ '"^iS. 1 '"^f-laa Jl]j-a jl ajj-oi-a o^)jLaij t^^^aj-^a (3_a3 

(JtluiJjSill (ja (j^ajfr <jjoLoU AilLk-all ilil jxJiiuball aji& (jjJaoao ,^1]! Llll.il.iaJ! ^ILaJj 
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dLitljajll Jiaa. <_J _a^laJI ojSli .<a-ajiIJ £LJjLLa 4a. jlj (LCD) (JjLuill 

jj^j 4ilia-a]l ^-IjjVI 1 g ■ t—lLlmjl (Ji*x ^jjj eLaJI <-_ljjoila (Jj^ <_5^ 'S)^ 3 ^)^ 
djljlx-aj (Ja*]| 2iCj .4_a.jjLaJI sLiall t_lLljuijV £_ijLa oljLatx liBiSj Oj-IjoiII j ClljjSlt 
ll)V^*-aJ j pLall (-IfaaitiJ ClAjLu <C jasji JLi.jJ (j£-aJ 4(_lUuuV! (>AjsI 4juali. 
»UI L-Lba.lU JjjaSl Jlic. SjSli J V^LjJ 1 C^U-ail jt 1-jLu.jV! 

(J^a-aj teLall t_l jjaiia (j/s jl^aJjuoL LCD hi .L_)Ljjoijl Cll^-la-a Jl 4jjjILo]| 

5juLL ^ jSj .<^-ajj 4j;Li£ <uhVu.il J) 4iL^al t 4j? -aSljill ejUudVlj tcjLuaiVI 

(-jIijouVI CjY-l*-a jl *la2l tJU.illa CsLLj ^aijJ itlaJI J <a^.La AJaSj <i jL-sw 
Jj7» > >n jalj tjliaJI Jl CjLnaJI £-aL> (J-^JJ La.ijc. J • J^l L-lUuU^I tl ibLu i^AIm 
"^iaj (Jj^aljSJ jl m\l £-aL?. Jj _>«L La] O^iJ • <j£ *JJJ^ f^JJ 'L>0^ 

tt— ll-l ui jVI jl^fr ^-alj^J <c.l±L Liajl tj^-aJ La£ . ^)a._a-a JJJSJ Afi-LiL ilAjliijl ^JJ 
J iAjijUj Cjlkka-a ajj.^il 4_ila.l.lll SjSlill J 4j ja-aJI CjULuJI lilliS j 

(j-ajJa 4 7. ^ *U CllLijUaJ Ia^)3 jJ j <u > a .n jlij AiiUaJ dll.il.iajl (Jjt, (j^-aJ 

Jj > ^>\l (_3j3 ^XjuilubaH Cllii . (jauldl <Lla n CllLijUaJ a\c j<\~\ <\ j\ ^l^ajl 

<_l jjaiLa J.iaJjj . (— iLoiLall *La]| ^Jajai Jc- jn^t.n Ajjjj^ 4 * t-i\'\ {\ 8-10 ci^- 1 -") 
(J^ajj .IaI^jl^s (JUSLoiIj AjJojuJI (JLoijij (jjj La jjiui urtll Cy*j^ J) I^Luuil (.\^sl\ 
jx^'uwaW (jj^ \j^*J -^JO^ 'J^^)^ ^-J-^ < — J 'j^*^ 4 •> <Ort Ajjl^i. o^)jLui 

jl ^ij^a L-U^ala laumLl (jjiLlill Jjj^ AjuJaj ^sjj t#.La]l ^-a (jjLaJJ (J^J 

^j^^JI olj^ i_Jjjaila i uUal L-luiila ^gJ j i <~i\\ (Jj3 j T . un > n<\\ l j . (3^*-* 1 . \) ■ ^ 

^ (1 8-10 <_£^) sj>««-all a jjLJIj .^jaoiJI J aUxaII ajL^W jI^aIL Jibj 

i_lLuiijVl J J^?. JjlSil j .frLall t 3-aC (jjjUal ^Ua JjJalij JaijJa Jj^-a 

Jj^tli Ajj^J fLkj ^ jSJ .^UjjVI ^UjouI <_K" * jjLiiU JaaJ tP^Vl "^aJl 

S^)jLuil] (j^-aj (jjj-aLi. (jjUtflJ^-a Alia. ^l^ajjujUj .(_gjaj| > >>\l tllljjij 
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ell! ^lit «\ jjj . jiLa islja jl 1 ^Lauall (Ja*J ^ jl t i-j-ijiil ^ i— 1£ jj (jl 

^jAi t (jr 8-10 J^i) i^Lu-ftl ^ l> j^U^xll CjUiUall Jjj tJjaiVl 

^IjA JaC-Lja jl^xllj .(-jIojouVI alia ^ ojjxJua jiLall Ajl^j jj£j ' - ■' ( . ^' a 

(JjlcUall 0l_a^i L_l JJC. JJJA^I ^gic aALaJl (julSx jl! jA L_lUjuaj| jU^-V t^^l^ 

(j* £ JJ^-M cffic- J$ dilclia ^* ' ^ C^U* J^-a, . jj*kA\ 

CLlliniaJ ^ tlllclSall ^ja J.lVunI j£-aJ .Aibj frLall J^ac (^Ua "r 1 

iJj^Oi (jijC i(I£IxulaJ! j jjAmJl jjanji! Jjta - ui j. inn diitjjaj oUi ljUuuI ljIjIjc :8-10 Jiui 

flail i_i>uil« » ,J i J niULyS JaiaJ 4jlib s j£1i t<ir »Slj43! t-iUuu^l njl^uiJlfl Jjsu ifltll ujuilt jfJaj 

.(Isco. Inc., Environmental Division 
9-10 (J^jill (jJf* jA Laj '!jJ*J-« _JJ ^yus 44^.jjLaJI isljall aLix jl^aj (jj 

<juajj]| <ijA <8 in. j 6j 4 UjUaal L-nAi ^ L-iLbouVI (j-baS J jA=>~a jlic jA 
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A aaJLajl etaVI I.Ii^W J^l JJC- jill t>> tlilflk. tlinj .<aaall Jj3 Jjnmll 
(—jLujU^/I JJJAJ J JfjVi (jp^j Ajlallxa SjLoi j j$AJ j tt_ljjjVl j>AJ-*a W**** 3 >° 
a j£ljj i^JjbLa jlj Ajzuajia (j^ajC 4nil.ni I . iLluuVI .il-iajj .A <\Vq<\ll al^VI JJt 
jl AjjUj CjI kJaa t_i juil^JI aJojJ jj l^JuJa jfL<u ^1 tlULull laflaJ Aali-b 
Jj^-a J ja. jjJU 4jl jj A akiLajl Slj^U jU 9-10) L&^l Jfr^y • 

(JjjIL JjjuaajI LS ic-i aLw t_J_ajaila J ja. jj 4jl jail ( . nmTi .IfrlaJ i_fijj^aJI aLi-a t_lLujj 
. t ■ iUjuuVI tliV-J*-a tliljaial AjLaJluil LjSjjLojjjI "OajjJa ^jj ClilclaS Aja aJojoiIjj 
.^jjj^all oL* t_lljja»j| (Jia-a tlx-a JjjoiaII ^^-Ic-I L-l_yaila j 4jIjJI £jJaja J^ijJ 
^-UjJI <i\ jA\ £cj2j tlAolaall .jlj* t_Jjjj! J^=" fJJ 4 Lai -s «H j 

L_ajx<all oLl* ' " ^ £-aLaJj . IajjC. L_ajauj (J . iuu (jl 4jluj!la AaL^a .jl j-a 
4-a-ajj] <a> jl j LCD t>ajc 3jjiLjS £-» j&al Sbl (l 1-10 J ja^I 

j .((JfLUI ^ jAUa JJC.) »1 SaJu <CLa^a 4la.j-aJ AjiuJa^j tjUk-VI Cjljljo] 
tojjjla ojjjli 4-aJaiiia jjc. jl 4 alalia till ja3 LS lc (jbocVI (jj^J 

ULucI jl 41}° ^JaJ oJjiLa ajjjls jl oJ^seia tllljjjlij jl 

<jjjj| (j<a La^a^jjx I <^"» "U^j^ull A i sy<\\\ (JjUSJ •(jjjj* 1 . » "' I J' '^-k^SXa 

(JjjS*j .jj-ai-all ^JpJI ^ alaj^aAJ ^gViJ ^Ijjj^U <_JjI£ (J-ax i— ijjjl <_£/La. j-a 
tlijjjll (j ajflaJ t a^J LjjI jA Jj-a<aj| t_J jjjl AjijjJ ^jLucVI (J^ l^laC. . >y<\\\ 

lA Jj J ^. ^.'j^ ^J 2 ^ ' .'^ '"^ '(jr^ ^^wJI jJJ b J^Ulall 

tlljLtk (t_l 10-10) tlli«JI ^U. o^clil j .(X-aaJI ojjjia ^JfaJI ^ >ajl 

t_£ j^i jlilc^j jjj! ja 4 jl cs jjj^ 24 ^ j^uc-V " JJJ^W 

Jj^loJ ^t_iS^ (jlik-l) jLnlj laa j 4l»JI ^j-aaJL ^iaall ^al: .s^jila isjJjS jjjl j3 

(jlijc-l ^ ^jIjjj .t^jLiuijVI jI^c. jj-a 4jjjjj£JI tiiljLij (Jl ffi > dL ^»jii tj?-^ 

jl ^ajuoJ ^jJI OJJJ^ <L«aala Sjfi. ^jjj Aa^lja 4jaa3 (j c\ 'usy\\ Uijj^al\ olj-a 
^^Jc oJj^,ja1| A jj^J .^jfLiiLa jjjl jLuclj ( . lljunl (Jja > oJ till j^l t_lC.jiujJ 

(_>jjlja jj^J V jl AjaJjjl cAoj-ulla Laj-aC 4 4jjLao o Luila ^1) A a\m^. jj^a-a 
^jjj^a olj-a ( . iIauuI JJ-^ •tlH J J^" t_lSj-a]l jLufcVI Vj ' . iIauuVI 
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ij Jul t_iS j-i jJlU 4j) (ili SI J (i) .jJlu 4jI jj jjm I j .iajli^l »\M «Lw J|J6 : 9-10 Jlu 

^pUi sli (u) .jjyull ^Jc ,_^jjUjjjV| 4jSjj»j1 LjLlaJI £^U.j jluuit Lf Ic uUuJVI J|jc jjSu duaj i_a sLu 
*UJI Jj^ej 5jIjj!I J-ij* J* 4-«ajia <_h^ <>' J ' i-V* u! fe) •* Ji* 5 ^ ijljJI i-J»J >«J tjUuul Cilj A 

(lsco, Inc., Environmental Division :cy 4ialja) .uj^-W J*" uh^i v 1 *-"^ tyki 



(jliic.1 ^Jaa-a (jli tp-N -sll 4jajoiji« 4-jC-l L j 4jjLaJill CljU^iLa]! Lai 

(j-a sj^i. JJC. jjj^-all ^aj .4_uAia <jj£j (10-11) (JSjuJ! ^gi 4 lilJjJ A^jLLa 
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J&l eUJI c—i jui'io dlLoilja Ajjjuiil AjJj-aC Aj-I^j o^>a^j j-a 4 > t-i'\A ^i^*i>n*i 
jl 4j£^a t " il nr. (Jj<\-s ^ < " il nr. ^<iU ^ laJlmj . (Jj > o <\\l ^.ilall (.jLuiuVI 

I ■ iLljaij Vl J t ■ 1". uJI ^jia^i. £jJajJ .Aa-a^U Aula j (Jjl^sI jij 1 j"lLa jj jl AajLjia 
(jj .Bji*J jll A^-olal! Jc. < " )1 ijt \\ ~\ ^jJajJj C(_JajjjVI J^j (Jj i ii <\\\ (_j-a ^lill 



AjSIjaU 



La-tt^ld t " )\ IJT \\ £-<sLa. IJlc- jjfLj t^Jfl-)" All J 1 ■ iLljalj l (J^> i n.n jJ jL — jUJIj 
.5 J la o Aai-aj (Jj^sIjAj t jl j * u U Aj£j-a ( " )1 nr. £-a^J 




4» j fkau 11 Sli J— »JUjp Jju! CjUaJI j^U (!) .ti j-J »L-I J>u-i ilic j-U :10-10 JiS 

Isco, Inc., Environmental Division t> iaal>») <_i£>4 j) oW 5 ^ fr^l 5 jjj 1 ^ ^ J 1 ** (v) 4j*>"fl 



lLELa jjjLv^I 4-10 

144 in. Jl 4 in. t> ^jl J*Ij JaL ajjjIj jjjU-* ^i^j 
* 12 in. Jj 4 in. j# L> ^51 jLSlI cjljs L_iut£U 2 in. U jja J^ljij 
'36 in. Jj 12 in. Qa U l-ujUVI jl£ jl 3 in. ^ij J^>l jill 
.144 in. Jj 36 in. j# U vyjl&l Jaa jl£ jj 6 in. Jj I jill ^ .sbja 

jLjaC. <__! Ja2 jjSI cjl _ja1I i fl!>lii.Lj Aj-daoVl j»U>a.S/l dljlajj 
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^^gJUj (_5^-aJ Ajliail jJjLa-a (—JjjjV Aj i nl > I AjjLljjall (_^ajU-aiJlj .42 ill. 

<LaLaJI C-fijjxall oLw ii3^)3 JJjlj l) "**•"'.; (J^iH ^»jlLa (^glaJ-S ^Jaujj t(Jjj]a 

iJliJI (»jLSj AjhiI'm t^Lall £laj 4-aij£ jlj-la. j c4_}Laj]| -il _a-al] 

(jj^j (jl j'nj .jjjoJI CIjV jas. jl IAjLu ^^all diLusJ^ll J^-^ a_aj£i]| jl 

J jl ^Lall ujuJ ^iaJ ( - } aLtall 4jjlc.j t(__u£jjll aI^ji j tAjjla ClL)L^a jll 

■jjM 

(Ja JSJ jlLall ^ 4oaAI t_l j^jVI a-iLal 4jjUa£JI ^^ajU^xaJI j] 
4-a jlLa ^^Jc ajjlS i—ljjjVl ^ jiajoi jl ^^Jtflj .<J£hllj «.Lall ^ jLjill 

AjjiLall L_s^>j^a3l aL-a jpi j aJsu^aII AjjjII ^ AjjLuuS j JgiUI j 4ajLuu^JI ClL>lc.lijll 
^clij .(j,^ » all ^j^tfall jJjla~a (_J^lj 4j\<\r. 10-12 (J^-*!! (J-^ •'-r'Jf^l <^ 

4 i^iKjj tjja. jjOj^JI Ojjjjj^ jlc. <Lul jA^iUI (—a^jj-iall aL-a ^ji (_£jjjfLlll JaLiill 
(jjaj jiJJ .Aiajoula dlljl^ajl jJjLawall .XaJ La-lic. AaaWl CllLkllall 

lilujjj^ll (J^Ai. i_J joj^l <La-}La LS lc <— StiSlall j e-LaJl ^ J^Iaa!! ja^jjJj^Jl 

J3j 4i^j jj^aAaJl ^jSJ tLajlLa i—JjfiVI (j^J |=J (jli J^ll jn^jll jjjljllj 

SjLa jLiiJ jA tAalcli J&S/I jll *.lja.Vlj .t_JjjjVl 4-aiLa jU$ilj '.0 

(jjJJJ J-aVI ■ - (jli . (Af) > n^Ull jl jLja*Jl£ <_)£lall <LajLLa 

«.!1L ^l.iaaJ jLu&VL ii-Vl IaaIc <j jluj cjjSVI <»L>a.Vl ^1 ^alL ^lLia 

(j£ uS t aJtoJ (j^AJj .^^joi^jjjVI jl (Jj'nlll jl c^a^all (jl^iaS (_ja (_jlj ^^iklj 
(jl AjJj^JJj (j^-aJ La ^p^l l_ljjiSn <3LaL jjja-all ^ Qli.jjJj^JI Oujjj£ 
• 4jjJa-a^. ^^C-l li t__Sjx<a oU-a ^J^ 3 4 Stjlj t_l Jfj^l a^C-li cJ^L '^UJ^""^ 
j»Uaj AojJaAaJI dlLjliill £J^* J"-\-\ j OuSj jA , : iio\1 ajiA i_jLal (J^. i_Uiaal j 

(JlLa (JSUll 4-a jlLa 4jUaJ ^<3J c<Liijlu3l (—UjUVI ^Jl^. ,^3 j .4jj.lall jjjL^a 

,4jla jll Jjjawall <-aiLa ^ PVC CjILL 

jJjLa-all ^ Lai, ^"u ill j Ic-jjjJu jj^VI a^Lall jA ^t^j-all jLjaill j 

4 la In ^xj (illij La^aoj-a jl jl jLjaxll (j-a 4jiojjL^aj j»JJj .Aaau^all 
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l-iir > >i dtaj I—aL^aII jLjaiJI jL^aJC-l .#.Lall (j-a <Ujla 4 l-il-^ j Aiauoi j 

^jjL^aj .^to^. (jjji ^ jjjjj ( iaaj tlijjaoj la jla (JfLuoJ <— ills _^jo <Jlc 
AjaLa! S jLj (900 mm) 36 in. jlaL s (VCP) £=»>^ jLiill <-iyU 

. jlaill Lu 7 ft 2 ft t> <-ijAftl J >l CJ lj2i .(1050 mm) 42 in. >>L 

s^jila cY J T (JI£jujI tdlj Lu cAjwJlLa CIjLu^jj j ^1 j£l j Aai^la S-^A^ J^J^ 





c)lu&l VI >&l tjUaij V ijj* jJ>?-» (jCUuall i_i j^all oU» £jla 4jS|>»1 ^Lucl » :11-10 <Ji" 
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lv ^^j»u>jjbc»>i t j' < « | 'Wl|Jt«ljj^ 




(2) H,S L V* i Jl ■>^ JI kjasai ^oVj 












'H 








y$«r .H : S JW j>>i ^ili j^j.mJi iftjjS J^j 











<UajujljJ i^L^jAll jUiaxll Ac. j'u <1<\1I j ia.il.wllj (julilll (Jj^aj 

eXjua L_!jjaij ^Lal (j-illl liljJ > iu/LiII dll.il Aui £-a AoLlxjJajl dL/L^aj 

-4 \ > i jll j . jLauJuVI JJ^?- ijj^J-^J '4^ubSn J? 1 -^ al-Lall ^jJujj 4Ljji-oll 

J J^J-a J|"b njljjll j^a (j^axJI I g ' .1.' 4A^ajLa jjUaJ (I 10-13) (J^dll ^ 4 mall 
elsLil^jll la» > W< .<L^aaia 4alalijJajl £*a SJAajJI Ajlgj ^jic- J (jJi£ll ^ 

a-il-W J^un\ (jjUaJI jJJ ^ I jail ^ IjJiijJ j SjjUall AalaJI tojjUaJI 

JaLkall diblAjo! 10-13) Jlill (^a 4-a.»Ja j^ll 31^>jJI c^aJ jal .a^a 

sjIOjuj ^^^Cj jASII ^ aJji.jAll cjijjj jjl cs^J^' L>* ^a^oaII ^gC^'u^ill 

^jlll CJjjjVl (Jiit£ ^ oJlUI diUiaill ^ & fJJ ljjjUVI J^>jlj '<jiSll 

j-a £jJa j JiJJ .L_uAj| C-jjLa. jl £ij (JJi^ jalAaJLalb lillij AjjSjJ J»J 

jiUI <_! jd ^11 AiLial .4i^l (_£iijl 4jlLa ^ 4j«i.i ^jj ^jill jJlJI ^ L-biaJI 

dsli 18 in. 6 in. jUaaL A^Jaj^ 4jl$j dili t_uiil ^i^a toJauillj 

\al£ ^Jc. AjfLa (jJJj) Jjl ^ Jfll j-a ^i^xall ^^Li^all JaUaAll tllljl Auj 
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jj£JI l^jtS^j 4jj"iui<\\l 4_al^iS\ ^ja nil .-lajj ol^l£ "' j 3 '' 

di>L^aj]l .^fLa^a JpLi.J J jj^a jil (jJJjl Jjl <_gJ jaII SjlAjai JaijJa j 

<J£] Aj jajoiaII L_al jaJVI j) IJjuij jj-Ai J j.i=wa (—sljajb sJlA AjIjIju <ajVI 

ts^j 4 in. jjj La UjLLai ^j'jjj ^1 '-r-wL&U ^-in. jA <_ijjuVI J jJa j* ^ 
15 . jjj La UjLyl ^jIjjj j£\ c_aaiL6U ^- in j (42 mm/linear m) 12 in. 
<36 in. J\ 27 joj La U jLU! ^ jl JL j£\ ljajL&U in.j <24 in. ^jin 
.42 in. <39 in. aw U U jlUl ^ jl J£ ^1 l^IaSU J- in. j 

^JjaII <> 4fr jl^a JJjL>JI 4-aiajt ^3 LallVlJ J&Vl AjSaLolAjII C-iJjLiVi j] 

^ ^ (PVC) ^ £tisl £ .(PE) uJAjl J ^1 o* J (PVC) ijjjK Oma 

I J=kj-a jj». L .*a.ftll (>axj JUj 1 12 ill. ^Jj t4 in. jJJ La £jl JJJ jUajjb oj3 

• LS J jJal j3jJ £-a 20 ft LSjLut-aJI LjJ j2a l30 111. jLLsL LJJjlil ^lim'll 

c jlou ^ ^ PVC -SI cj jd 

Uili jl AJjAjuuJI <jlgjil j^Ic lilliS j i^fcll (^Wl ^ixJI j* J£ ^jlc- C_Ajla]l 

.t_j3lj-a l-i* iJa L-laJi U Jun 1 .ng i >i» I oLajL 1 l-iin^-i (j^j t4.Ai.ulla oljL (_pastAJ 

^Lill ^jiiuiVI Lai A* jiLaJI jjjMI j ^wVl jl PVC —II ^Ll fJili 

till j Jjlalla ^ [Ac. laJ ^1 j (ALjJall LJJjbVl Ja jka. la ,J j$i PE LJ jAjV 
. c Lall dlaJi jjLlaII j CILlSaIuiaSI <_Jla t Ajajui L_S jj^a 
.b^^jum tlivL^a jj ^jllJ (_J jLa-a t_ljAil ( _ 5 ic- (Jjj^aJI (j^-aJ 

t_Sjjia j £3 j-aJlj i^l^iluiVI ^^gifr lll^L^a jJI j t-AAlUS/l (j-a ^j-al^ Ja-ai jLikl AoAxJj 

i24 in. 4 in. ^jIjjj jLlaaL ^LmA jjc. ^jjaaII Mj^Vl jSjij .<_i£jill 

oj5 dll j^Jj AjjIaxx (JIjLL ^Ak^aJ (_yAj .4 ft jl 3 ft (jAJ La ^jljJJ JljLLj 
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4IO8 in. J) 12 in. ^ Laj^=>^ £ j'jjj ?j-> * j a^Lu> s-nAi 

. JplcVI 4 a^ A oAlui tJS jjS dl AaLLLus ejjuua. jl A_li-<u^a dllj^J-a ^.iV'uinj 4A_aJjai<all 




M 



CiUfj <ji AJLfljLi (jiUaj (i) i^JaULfljj CfiLyajj <jlL^aia Sjlduij Souis jj ^> jLai ujii : 13-10 Jii 

^ >_J! o— « <jtU_«a JbUu Cibliw (u) .j»ia-« (jP^Y u 1 -^ £j J (ilJ SjIj-JI j o"^ 1 

Logan :<> J-j) tP^V W-"'"** S ^W u 1 **- 15 hi.ni' i4jJ|Ou. ^Jcj <jJll! yi »Jja>a cfcujjjji 

(Clay Products Company 
t JSUil l^lLa jlLa] t six* <* aJajl J ^-^J (-K^ Ajlu^^j t_ujlj^l - ikj i jj 
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t"n^» t^La^a.S/1 ajjir >,-i\l jjjLa-all ^3 ^^aajgU J jjj V tl(gj\r- (_paLaa>Vl 

^jjjJI ^ t_njLjl j£Ij •<^^ -i <-^-^ t . ""u lW^ jj'W -^j^ 

jVjiaJI jLja^ll t-Lulil ^L>ai jiaS UjLii jjL>JJ il ^Uill JL^M JJjW-^ ^Luill 
4_jjJaAiJI LaJjJa j AjSI (J^la. jx> ^ dsLoSjall jj£j jl jij liA .o^Si jLail 

jl j-a AiLjaU tiili j tdj\jJ^)j£JI j-a IaI jd=»-a ^-liijjl j i—ijA-sJI al_La ojl^p* "La.J.S j 

cdnjuj!/Ll]l J C5 joi£ jJJ^I j^ 4jUaJ j^-aJ .LlJjJJ-ia liSJj jl£ j) L-Jjjj^U 4jliaJ 
<Jj£jJ .laJ l_Sjfj^/l ^ jjajoi e!/Ua j£-«J jl t4»j'innM <_£/lk ^jinll L_l jliVI joi^-i 
-■>■ «ti jl jlaS (j-a ( _ s joi£jJjI j jl <lil-a jliJ ^-Laj^aU 

AiaaLa^aJI j^LaJ V La^jc. j t^\U <\ll dlUa^-aj ^cjJaJI CllUa^-a t j-ajJaj t<Lai jiauaJI 
lIsLjAjoiI L-Sj^jla jj£2 LaAic- tilljSj 4<Wujll sUaII Ja jjaa. jjJ La (j/sl (Jj^aS ^gjc 
^La.lVuiirtM Aj-aLaJI djLal,1-s"unVI "-JJjIjI ^ iSJ^ ^lj-a lilliAj .AJLijjj jjja^aJI 
t4j'n<ijlull t_fiLJVIj 4^jaa1I j^jflll S-yA^ bp-a ' * a^j-L^iil alia £-a^. 4-aJaj| 

-»j jj| j ^jftlifl AijIaJI 5-10 

4t_ljjjVl o-iLaj <4jjj3I i_S jjk U&UsJil ^jltj 4j.iC.lil! 3jLlall (jjLui 
Aj^clall Ajuiall jIja (jj^J (jl (3* J*'J .(j3^1l Jj-aC- £-a LlUavlj 4<Uia«a]l L_ij^)]a]lj 
jg laJ .(__! jfiVI JjjS Jl (J J^ Jl "Oa jixJa-a <ULa. ^ £-J^a JJ (jV <UjIs ^J^)11j 

4-aXuJ sUj kJCui*. 4jjclall SS.UI j 4( jAiadl * ^ILa (10-14) lJ^I 

1 Laj i ^>'m L j") > i) o 1^ l->i i) ^)3jJ tjj-iii. ^la ^ ^jJajj LaAic. 4jl ij i_ljjjVl 

^jic (—UjUVI (jl jial ( * J Jalj-a jjSj ( - Irt .1 l—UjliVl La^jc. j .UJjjjVl ^JC^il 

(jjll V ^2 t (114-10) J^l j-a jA La£ 4(jAiiJI ^wjl^ill ci jWll 
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JjlaJj jl jl ^c-Luj jl i—ujUS/I dLiL^a jl ( Jj i n"n La 4C_ijjjVi dlaj AjaujJall Ajjall 
^JCJij jjLatjlj .diUjjoUJ 1 ;un"l<\ l_ IJfiVI ^ V <-\\ .13 (_£^3I J-aVI ^-C- Ijl-il'l ^Li-aiJ 
cJ-aj jl Ajj-^ i it clsljLujS j<s UJ-^ 4 J* flVl j|j-a j-a (3fi3J f ^"'"'J "-^Jfi^U jila 
Jj3 ^j-aji j (J-liaJ J 4j.lC.lSJI Aifkll £jJa j ^JJ -(14-10 <_&i) Jf 1 ^ 
Ajjoilia jjc 4iaj ^Ij ^gjll 4jJ^ UJ^ ttliVlaJI (J^a*J Jj .C-jjijVI <— u£jj 
(_! jiiSn fJC-&J UJ%^ ctllVl^JI oaA Jj .sjjSaJ ^Jjil Jiakjl (Ja* 

.( — &14-10) JSjjo JmViII AiaxjJa j 4jjjj Ajjjll lgj3 jj^J (jll (JjJalLall jjin^Mj 
J j .A^joiLalal! l^jJU. J L_l jjj^l Cjau loll <LIS CjUajjJI jj£j jl ( _ s Jtjil 
^aljjll <Lla 4jJ-ala jl 4_}Laj aIiaL jljx ^ CjLajjS SjIc ajaJLoii ^1 AjauJaJI 
alaj V 3 wnU l-Jjjll 'fJax« jj .(«_Jj I 14-10) lM 

1^ ^ SI ja (JjISjj .< iyp^\ Cll^J I " ll cl^3 jl (_^<aljjll 4ojjoi IjI ya ' fllao j| ■A . a i 

jl i ii> j 4^ jjjJI -lis. (_J<aj IgjS J jjoU Ajorti. ^1 _oxs jx 4jjfLa lllllajj £jC<aj j^-«J 
J 4Jj^.j dlau j t (£■ 14-10) JSjill J jixa jA La£ A aLa a Ijjaj^a 

AjjclSJI ASJaJI j/i Ja-ajll oaA L>*J^ .Clllclja i_ala,j jl jjJJ AfLoiLalaJI IgjJLa. 
t JSj Ja j JaJ^jjIi i ■ ijSjp jfLaJj .<_! Jf£U (jjjlaJla ^JCJJ ^ ' tali ^»jjlj 

^liaJ! ^> J ^ j .AjjiiJ ^aVI j-l Jill j- %95 %85 V-^ 

jl 1 ^ qj^yi Jj Laj ^tiaj -13 J i(J^al JpJI Jj JjJ^a jll (Jjjlljii.j (JJ^J ^ JJ-^a 

Jj AaatAaJllI CIjUaJjI! Oaj tjjlaliall qa jJ& J ^ . i-i\;j .l^ijjaj Ujj l^Aiiajj Jj 
4 JiM 1 Ml J jaII ^l^kioil ^ J JajjA y ^jlaij] ^giJI jl ClllS JaJI ^ jlaw 

(jl4-10) JjjS 
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0» iD «La>jJ AjJgUJI AijlsJ! ^jjSjj (i) . jjjU^I uglj ililgS jj ^ ijjclSfl iaJalJ A*jU Jalui : 14-10 JlA 
lit UuiLia UjCSj AjJclUI <LJa]| jijj V -4jiujla Jt >« ijU»J J (>J 4JJJJ^I Ifele AaJ 4 jtjjM l^olU-i 
diaj J-^JJ ^ "hi " Jja-^a J\ j ^4 <C <JJcUil <Llall (ij) .Aj^uaa. jl <Ulaj ijj^l 

JaaJl tsjiuw ^ DO <>j <> (B ia.jJ AjJC-Ult ASJall £j£u (j) <Jj3 i>ajJj JJJ^' MJ^ 

(^k) .i*k»- jji-j ^U«Jj 'CS 4*jJ AjJcUJI SSJafl (■>) d J VM&M jSj-fl 

uj^jjVI - ft )j ^j' - £1< aj ^jj"" 1 ^ ^ J^J** ^ ^ 4jjcli AAiia tA-1 4^J J 4JajIaJ] ^jSjj 

JiJ S.£U» iliUaJj ( j) .AjLaaafl 4jJC.lM 4SJaJI J**jj <ji Jjiaiuu V ^1 4jjJ J\ jail jjjU <> tiiajj 

^ (jail t_i jjjS/l L-S^JaIj CjLusjjJI j 4j.ic.la]! AiJa]| al ja ( alikj ja 
^ jjInlL 4ili-a Aji^/ja <-_uAjl jl jjJjJ! J' jlj^aiJI S-yA^ ^aiJlajj La LJlii 
. (JaC. (jjJJ ^la (j-aljJ ^gJI jjij^all (JjL^aJj .A a JJ~*> ' 

dtaa J^jja ^ J (-P 3 *^ 4 airs a\l Jj"*> * aa& (ja Mj3^ j ^ ^j?*^ "'"'JJ 
PVC -J\ J jjAa^l aV >11 j jalll ajaaJj tjaiiij) jail LJaAjV (jLaJ .<! ja^J 

(jjjj (j^aljj Jj»<aJ Ljajl Ljj^lj 4 4 _ s icl U-a^)^ Lg-ala^Jjoil L_lllajjj . (J-a^ll J 

.^jJuLui ^J^ui i ^LaJI CLiLi Arau V 
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jjjLvaJ) 6-10 

4 jiai] 4_ii.uL1a11 cjUUaLalL 4ij*»a jjjL>a3I (Installation) <— uSjj i . \\W\\ 

. \ g jj^JP <_5"^ J" ^ "3a Clil ^ uaJ j t( LaJI ^ jj j c Jijj 
*Jj]| J Ljaj ^Vnij 4jj jj tjj-iiajl jiaj J^Jj Jl Jia. sjlc aWuHj 
AjjLjaiJI (-Jjfjll J Aj] jSLj jlj.Aaj (J-ilia. jia. jfLaJ .L_ ujLVI ^JalLa £3j Jj 
.tSLuLu JaS l_ljSll jl AjjIIia jj£j La Ulc. aHJ\ <_ul jaj jl jjc. iA^JsW 

lllllaLuaJ j t4lsLa Ll! J-la.j J tLajeSS t_>UaS JM 5 LjIaC. jjlajJ S jia J j 

lljAJa. Jal .c_jjjL)VI S^JJ jiaLi-aj CjIjU^jVI jUaaj (j* JLmJI 4jLaaJ <_£ja.1 
CIjLV jll jj j3j (OSHA) 4^-aJI Aau^ll j jL&l Sjbjj *£u*Vl lM Sjljj 
.(jjliaJI jia CjUliala j jLal ^c-atjJ A-lLa <^l jjjl jillj 
)-ii> i ^-ill j C(_)JajVI la« ' ia CllL^iaJI jaJC--^ <Alajl l) jl I ■ lag 

^LaJ (illij 4jojoJI <l£^)a. ClL/Laa.j tSLuilall 4j jAa. j C(jini^\l jLijliuijj.ligJI 
J Lai .^"u dI (jjjall jj .a jjl 7. o\l ^^-iJI (Jja. (j-al ^LajgJIj djIjljgjVI 

i_JaI jxl\ (jA J^C J ja. j j)A ^cJL cAJjLa <_ul _oa. (_£J (Jj-^a. tdAj^AaJI 
oLiaII j iAjjall liJ jlui tilli ,j LaJ 4o^)iaJI jl J-ia. cliljj ^->jj<fi .lie. l& jLiic.1 < . la jlj 
■AjjjS (_£^)a.l (_5 j3 j ia^AaJI jA dla j-*."iuil jJI 4jjallj cjxuJI <l£^)a.j c4j3jaJI 
jljJla. (jl Jc- 4_ilj^)aj 4jjl ellj^Jal iAjjJaLall Ajjoi jjjj^iajl ^)j£. j .a^AaJI j>A 
Jc l3^I -laiiJj c<La!j AjjUj ^giu LpU t^aLj l)^^ ^ijLa Clul£ jj 4ojiaJI 

<U ^ ^ajouJI t^aVI J^aJI La£ jl jaII OSHA t al^aJ .Ajjill ja. 

.2-2 J j^aJI ^ jJfa jA La£ t"ljLu JSl" "dulj" (jx I^jj t_UJJOJ AjjiaJl 

La-a jj^»C ^gA C jl A JaAiH (>a Ajjill |jj La JJ^Sil <xjjjJI <Ljia]| j 

CLljLpI (jli .^.LaJL AjtjuLa jjSj jl (j-a j^aJI ^-a Ajjiill (jA Jjll 4 > >y j5 *.(Ja sjl^La 
Lpli cLpilj Ai& (JaS JJ CjI jaj j jL^jll <Lla jj Lai cAjiua. l^nj;!-. jli 

.liLaiLaJ (j^al _aa. dlli 
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2 £ joia Jdjl Aj^JkJ ililjjadtfl j tjjoll iaLwi :2-10 Jj-ia. 



oj^i 










(ft/ft) J jSLi 


kPa 


ton/sq ft 


90 














53 


1 :3/4 




>144 


> 1.5 




A 


45 


1:1 


cs^J ts-^ 3 'L*L£ 


>48 


>0.5 




B 


34 


1:11/4 


J* J' J* J 'cj^-^ 


<48 


<0.5 




C 



.20 ft Igx-Ujjl 4j] j5Li -Siji^ |_si^ Sjj^aLjLa 



JalajJaJ^I aj2 (JjiIjSI ojjaiLiA o<il j3 t_UaJU J _^a^all Jjl jlkVI jjoLlLa ( _ s Ja*Jj 

ton/ft 2 -Jj u 

<%40 %20 ± a* U ^1 jSiVI a-Ljio J iLill JU- CJ I .kPa -JU j 

^jL <Jjlll t 'ij''"^"' <2-2 C3J^' tjj • l T J J^' -laLajl J^JjlxJ laaia ^^jIjj 

jjc- Jai» >^iiVI a j3j 4<jj.li]lj 4£jJjJI ^JjiiJ Jfia a C llilfr JIj^j) ^^Ift 
J3.pl (j\ tajSLouj jjc- i-JJJ ^ jjja-a t_u£jj 10-15 cJ^^I 1 ° ' °j *JJ' — " 
C5 jca.ljj jlii. ^llViuil (JjaiiJI jI^lLsI ^jic. <LjliL«l <jj<a (jaiaJI 

. JjLo t ; Til t» (j^jaJl (jj'Vw <"» (jjsljJ 10-15 J^^l J (3 hi .L—ljfiVI t_u£jl] 

t-Luall ^lau> jjiu ljjjIjI 54 in. jLLaVI <— >lj ljaAjVI ^-LUu jl 

jLL (J ■ * iak j* La-j o jj' all ^Jjlxll (>ajVl ' . '"^ 7- SI ^glc- j .12 ft (J _ji»J 
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La f.L&3! (_g j li.^ io ^jiaiaJ lilli j (j.V^ll JjJa Je- J-la-a -^^-A? <C jj-a c-Lail 

(_> Jj-lia. Jjj-li^a ^Lal (j^iJI jiaJ ^*^\ jj Jl jlia. f. lVw . n .'a jiaJI £-13 jjjj 
jl j.la. (j- ^13 <J (jiuJ (^ill jfiJI ^ J^ll UJ^J • < T J Jf>^ £-lalia 1» ^JJ iV jail 

^j^a^aj 4jjLuui Upjj La J AiLuj-aJI (jjSj i'i^i tiLI ulaj (J^aa .ill Uj »f~»».l.l AL-a!La Ajjjl t» 
4_alaJI (jjAj t_JjjjVl .1a] <_Lj*-M (jl^-a <La!>Luo 4 _jj-oLj jA (jj.Vu r-»\l (ja L-S-I^Jj . (JjjliaJI 
jjI^aJI ^Lii aia l_l jjjl ^JaLa ^ALujj LlLtll Sjjj-all .^jlcJ L-Aj^aj Jj 

(^Jta.ljjll jliaJI ^.VVii.n j-iiaj J jiaJ £-a j ijLaVI ^J^J ^aa-all 

4l±kll JjVy J JL**1I (^15-10) lK-^I J^>J -fLaVl Jl Jj^all L-lauJ 
( xJa£a Jl jjj ^jj ^jlfljqJI ajjj al\ J j .Ajjilll (jjj j2j1Lj Jj-ijaJI ^13 Jc 4j.ic.UJI 
Jc. AlLUa-oJI o j ua II ^X\-\\\ ^3 JIaxJI ^»^t.l .4jt2l j 4 )-i ml jj (jj.1u.-ill J c_! jjjl 
AjLuS . jj^Ja-aJI -aJj^jJ 4juJa j-a JJ <_J jjj^H £-laLa (jj$J> JJj <-JjjjVI bjIjjoi 

JS jUil .(^U-IO) lS^I J SjaLLII UUAa s >Ual! 2Lj^Ull 

(jl^^a. <Jc JaijJallj ^_jSJ (j^ala. (_£^)jlj £jaij-a ^l.laJjailj UjJLj J_j3 i_Jjjjl 4lx<aj 
. l_i^)jaijJI jliia.1 I— SJ£J Jaj» c.1 j£J ^LaJ Ujja !>l£jaus i4jj-a jjl ^ lil ^ Jc l_JjjjVl 

. jjj -La^a. 4 ]gjji\ jj ^Ja3 4^aliiLail (jJ-atj ^JJ 

jl ^aj^/ 1 jAiaJI 4j__)ia. A^a. jj ^3 j jjUl Jya. ^AaJlmJ LaS . jj jLa-aJI 

^J3 Ajljj O^J 3 ^ LiUji (1l6-10) lJ^I ^ Vij.ull JJjUI S^a.j JaLaU .(_iuilla3l 
^JUj .^^gj^^ttil ^jJaj^ll ^j^A l_l ^aijVI <aaS ^)JC- ^)A3kVI » ji «all (_]><a (j^aL-aj 

a^a.j (jLuJ t^C- a^_^a.j-a ^Jj^ l - r ^ I^JjoiIj 5 ± S-'J^ ^° C5^] '^iyj^ 4j_$juU 

(J^atAJ AaxjJa jJI o^A iaaLajj LiuLa jjjl \^ w\<\'\ SAa.j]l ^ jSj cjjolll 

(j-a 4jajlil! jljjA^ij ajl^ajl ■Aja.J^ dlt jjJuS c4^a.jLaJI AjirJI JaI_o*1I JJjIj (j£ 

j JjJ! aj3 JLa.jj lilli ^>JJ .(j-aljoll Cjl^a-a J (>aj^l 

tt_l_ajjl ^*^J '^^^J^ * J J^ 1 OJi^W ^£aJj ^a._alj Aj_aUxall 

(Jj-all (j<a i—ljajVI A_aLgJ ^ lAj£j-a (jj^J '"n^J 
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t_j jjjVI 4-^1 j] '"'J"-; i—ljjjVI ^JJJ - ^ f^ 3 -i^*^ 1 • -^Hj 

^jic ("nu jjjU La£ .Ajjj^II j£>a ^gJj jjjUl jjc. j-a 

(j<M «a £xiajJ jl jl <ia!iLu LaCla L-JjoiVI <— uLij £jJajJ jl 4^.j^a AaljiiLj AjjLuj 

j£-aj V .(J t£ 16-10 J&iVl) T Uij^ J£i 4J jjlc. jLill jjjS jJ 

jl£ lij lilliSj t^jLill eliajl bcjjla JJC- JJJ^I AjtJjl <Laj^. ^jjj 

.l_i_»juV1 QAi <~* pi J^ll (_£jl^a. (j.lW'i j)<a jl a^pol J J^-J jp 1 W 1 -^ 4*jjVI ^l^)*jl 

Joa]| ( _ s ic. AjaaLaMoil L_l jail J£ .lie c_sjlLs JfLlj 4jjla ^ (J _lc. £ j.la 

16-10 jSuill Ji">l ajAli) (jc. obi ^l, ~lVi.nl jLaJ .L-buAlall 

J jjL^ajll Ajaa^u^all 4jjl jll l_l jjjl j _ala j£J AajIiI <La ja. 4-alaluil t_i^pj 

i ■ IAulIjI j (j^jaJI <jJajli aLia (J ji.J5 jj J (JjJ^-^ iSJJ^y^ eLall ^ jj (j) 
jia. (j^-aJ dlVl^JI CH 3 *^ ig*J .(J-ijaJI jlj-ia. t alatjJajj S^cllll 4jLJa L-ll j Sa * ^-iL 
aLi-aJI i_ljjo»la ^gil j jsJI aLl-all l3 *uaJI ^ ^i^n i"""" 3 1 . 

l ■ lilalj ca^)iaJI jjJ La #.Lall (_1 jjoila (jiaiiJ 4i^Ja jLI i-jJ^JJ 'LJlc 4a3 j^JI 

^jlawaJI '-JJjij jl ajjl=~a]| dll£Jla^alb jl^jJaVI (jj-iJ *^a1I ^ ' ^j 3 * 

.#.Lall (3 J 

^JJ 4t_lljUVI iaa. jljiLal ^jlfr J^iaJl 4^aLai-aJI jIjaII jjc- s-Lall oj^A (. La^j] j 

Jak jIjIaI (^jic. 1000 ft (Jx^l jij J jc- (jl (_ s -» ja y ^° jl ^Loijjl j^l f"^ 3 -5 

<jji3l t>aj-a CjUaJjll iu L (Jiifyl C5 ifr j»ja 4iLoba] ja.1 jaJI HaJ .L-LuUlVl 

<Ljjj <juoLai^. (jlall* Siaia]| djUjiaJI ^jlo AjIuJI djIjlik-VI (jfiaJ .^j»j;1-i\I 

jjcaJi j Viuill ^UjsJI SafJa lilljSj t<^.jik-aJI jl _a-a]l AjLa^. ^gJfr J 

jj£j V ^'J**.' ^i*JoSI (j^ S^J^t J j' afl C5 lc. j > <aj£i jiaJI JLaC-l Ajlull dlb^^ all 
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t_Jj£jj]l (j-ajJaL .4joiLui=J1 ^pJI dlljjl£3l ^1 jjl (_>axJ ^jifr jjjb jiaJI JLafrV 




4#UJ! JJiiJI o'jJ* (i) MjMftj S*-^ 1 J 1 -^ 1 (J-iiS-W V- JijW- = 15-10 

j>J j fjaluttu Jji^a <>t 4j.lE.li liula jj >!: yjiflM .(ja! jia. <J»i ^» <UkuXa <UjU 

ji O 1 -"! £jJ ?W J«a>J ^ jU» (v) -tA)^ tlji— tP! tfj»J »>• J^aJI S-sLcV -A^ 1 Jj* t***^ 

4ial >a) .» jiaJI £li ( _ r !c SjJielifl J) AXJa 4j>uuj ijy J% JU*J! i4iui ujfiVl jialia Jljj) j>jj ij-lii <jj-^ 

(Gladding McBean Company, a division of Pabco building productsm L.L.C :<> jj^ 
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j 








Hi* 









ljjjjVI jjC j**^! 9- juaH Cy> l^bui jji^l la^uu (S) . 3 jjjU-» ijjjji i_u£ jjj jjol ^>Uaj :16-10 <Ji>i 



(Courtesy of Spectra-Physics Laserplare, Inc. <> i_i^alj»JI 
jjU t^^jia^)!! 1 feljpa a] Ixii MjIaLsII 4jjLiaill i-Jjall (_>aljJ (jJ-JJJ -4-^3^ J' 
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L_l jJa. JS,>*gj l_S jjoiS LJlfr jl£ Lai t^j-al jliil Lunlia jj^J (jl tL^aikla ^IS 

(j^aljp^ ^gj^aiVl l&.la_S ^iUiSJI (jjSj J . l^jlr- <U j-ai. (j^f^ -^C- ' <*».Wi,„ #,LaJlj Ajli-a-a 

( " \\*\- A JjliaJI -I laj • i \ 4jlc.li - uSlj 4j]iaJ| i " il , ,.1 . „"< 1 ^ 1 1 'A ^ 4-J^>il 

jU±L t_aj«jj JjL&jl CjljUlkVI JSt ASTMD1557 jUil jjIuj .^Ijill 

J jj^a jll eLall 4iLjaj *J (jjilL Ajjiill <JJC- ' LlfLaJb j^uj 
(__^aj aJ (j-a aJJ 1 '«! \\ (jjj^l <j-a ^Jj-A* A ImjS K—Sj^jua ^^oiaj j_g 

AJLja J£ ujii j tO-lbl Ujjjj Aijixa al j^jjjj ClllLia (jjo-ai. ^ Ajjajll Ajjjll 

KK-^ .n ^ji ^jlSill (jia jxj . ^gjjia j]| (_£ JJJ3U 0*J AaLaaJI JJ& . ^LjjJl 

^aill 4iUJ| Ailiiill jl cjULull j^kj .17-10 ^ j^ 0 ^ 'LhU? 

,%11 ^lu j^llio gJjkj <_S <J-^ 12 lb/cu ft (jijJ aj^J 
%95 jAliJI j-aJI ^JJjJI "d^J (j^ _jViaJI (j-a a^lt ^jj 1 " i all ^jllajj 

(_g jju^Slt %85 J ^JjfiVl J ja. ClU-aJj£ ^Vim'i LaAj& (_J j.^i'qll AiljSlI qa 

Cjlijlall dlajj l_l jjjV' %90j tA^jjiall (JjLliaJ! (Jj3 CllxaJjS 

^Jj AjjoiiHj (j^iiJI (JjS aliHH pistil ^aljlill ClLAlala Jaj .^gjjllj 

.Ll^ AiL^l! jliikV 5-a^i^l ^jVl CjI^JI (18-10) J^l j^. .U*j*Ji m Ji» 

ojii. ^jii. _>JC (u j I 18-10 (J^-»-") AiljSlI (jjAjLa j cJ^ 1 ^ iaj^i-a a 3 

jjjjjj I iiaJ j 4jlj!!aJI 3_J^j!ill UJJ^ "(J^^ ( T>^\I JJ-^ OJ^ cs^ ^ JJ^aj-a (JjLaJ jl 

jjc. Ailj£ t— lU n-s ajj .4j_aia^)i] AjjIaII 4jjaiillj (jj_all J^-^^ L$J^ o^a 
AjjlLa (iSli iu ^jj .CU ft j SjaaJI aaja ^^ic lb J ^aljlall Ajjill <_sU>JI jjjll 
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L-lLus. j t jn-^all (J£ixx3l i—ialjll! jLiikl ^tjtiij 4_iiiaJI CjIuAjSJI 

, 2 AjjjB 5_iiuilll <a \jS3 l jl (J jj aSl I Ailii^ll 4jjla]| 




iiuiUia (jJe JjxaJI <_j31 >4l! jUil gjUj i_iUJI <> i^jU A^uuS SjjL jil ^j5a>» :17-10 Ji^ 




(i) W fe) W 



Qd Jl y&aJt o-Ljifl Cil jji : 18-10 Jii 
2-10 Jli« 

jUlia. lSJ^ iJbuA\ lA\JA\ jUikl jjlaj 17-10 l&^H JS-^i 

tl70 CU in. JajII »»a :1 # <iwJI .J*J iajji-a J^lmlj Jj-liaJ Jljlal (J Jc 

j 4iUJI ajjjII jjjj 4 11.8 lb i t.^jll jjj^ Ajj.^ *M (j^jaill CjjUsS ii j 

1 10.23 lb t-ila jll l^jjj jl£ j d56 cu in. l*-~s> jl£a 2 # fcjJI U .11.0 lb 
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Jjaljjj ^aljill jl£ j] JjlLJI diLuijj i jui^ l .9.25 lb <— sUJI W-Ojj 

?Luilia L^aljJ J jliall p& -%90 4iU (_>ol Jill Ajniil (jjj Vig all CjUUala 

:1 # 4ii*ll 

= '^A jLall ij-11 AiUll Aitilll 

II. 01b /lb/cu in. 111.8= (170/1728) 

= <_£ ^^>all AiliiHl Ajjlall Ajuuill 

III. 8/121 . 100 = 92% > 90% 

lAJlia Sj^jj c^ul j ((1 1.8-1 1)/1 1.0 - 100 = 7.3%) AjjLJ ^ 

.^gjjiajll (J Jla <i\l IjlA (j-al Jill J^i 4jiLiaVI (J-al Jill JLaol jiljoaj jl j 

:2 # <i*ll 

= 2L^I jLoll i_a*ll 5iUll 4iU&ll 

9.25 lb /lb/cu in. 102.5= (156/1728) 

= <_£ j^aSlI 4i\j£ll AJjlall 4juuill 

121/102.5 . 100 = 85% > 90% 

.(j^aljilL AjaLtlall (Jjj^ all CllLlLiloJ 4jjfi-all (j-ajajjll V 

JL&ij t^Ili. <j>j1I ((10.26-9.25)/9.25 - 100 = 11%) '^jLJi 

.AiljSlI SjLljl AjaLual VLacI J*Vl 'jlknj ^LLa JJC <_>aljill 
(jja. (^19-10 ) l3^1I (ji ^ixall <S j Jail Cjli <j-alji]l ajA^ f^i] Al 

jljlkVI Majlis j^ki .(1.3 m ,J\ 1 m) Vjill 48 in. ^11 36 in. 

Clulj k» > >\ jiib CJAJ Ajjill ^ji <JijaiSM j^j L-lb >i'l\l liljaj £A Ajjjall ^gic. 
(_^jjjll 4il!i£ll (_jjjljLaj .4_ruJ£j <ajjlill Ajjill 4iUiS <_>ulj3 J^fic-I (j,* . jljoiaj 
4ilj£ll J^JJ a^ubw o*.lji ^ LaxJ ^LiLa jA 18 — 10) cJfLllI ^jj^ajjoW 

Jc sjjL^all dllj jjjflll jl JLal ^li . ( '< i ol£ j Ljclxiij laJjudj J;llaj j 1> ^l-XkiaAj 
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(JjjLjLJI ^jL La£ .4££La3l L_ijall ^ <ia All£l\ <-_ijj3I jj^I JfL2u jjJaill 

.4_ruiull Ailj^ll t_jLoi^J Jklll t_jaljlll 
12 ill. Jj-aJ Cjlc- j>,aa..n jl CjlifL ^ CjUaJjll j Aikxail M}U\\ j 

4liL (Jao j) .19-10 Jl^l gi ajAllaJI abVI -I laoJ-J O-ajJj 4jL=Ji3l 

(j^a! jjll dll ^x-a (j^uJaJJ . (j-lliil ^ jSLaJI (Jj3 J^)i^ JJ j " ' "-llLj-a-S jM 

^.13 L^aJ ^j-ajujJ g^M) CllLaAkjl! j t4jn/-Jl i j-ail ^a^l tll<wi>.a jjAl WlU.,-1 

Jljj! ^ ^1 Jill J^l jli^JU OljlWIj tL kt.laJlj *(tjjjaJI 

I lag* jUjj t(tl9-10 J^jill) (J jAij lo£ t^alkjJI j-ulL-allj .A£ja.Lalall 
.4£.jjuJI 4-iJlc- jljl&l ajii Jj-ajall tdlJj^-a A jj 4iUallj jlj jjj jjjSj-all 

CS-^-W >U* J J^ J <^af^l SijiaJIS 4jn/-Jl <_ Ijjll A^tkjJI ^jLL^all ^VVhin 

19- (J^O Cllalkjll Ul .4£juilala]l lajjail c_jJjH A^Ujll ^U.^il -I laJLoL 
. ju^-ijlj (jAJ V j-aa-a 1 ml^a l5*A! JJ* ' ^ t^J^-a 4jajail jJ ^j'°^"' a (c_)10 

sjla. j pallia CjU.11.j3I j .U jaa ^LaVI ^LaVl jaj £2.1} 

Jjj gill (Ja.t^a3l ,_>aaj Jij£j .4<uuilala]l ^Jajjlall LJjjJI Cjli 4ju^aj| (jlikJI ^ 
AS$\ (jjj ' ; '.' '""'J .AliLa ^£aJ U. j] j-a liliuo AJajail jJ (^19"10 l!^ 1 ) ^J^-^) 
jlajj ^^JaLaJ ^gjll J=J.la3l ^-V'hinj .<Jjjl! liLul <Tn lilja-ai! j-a ^Uil jl jj&Vlj 
Ajtxulj (jjlalla j t A£.>.nl<U« <—lJJ 1§J3 JjjujJ AjuujLoi ^iaLla ^3 (j 1 9~ 1 0 J^ 1 ) 
jU^JU (_^=JiS J^!^-a]l o^A <JlL« (j-a AjuujIj 4£- j^-y a dLalaj^a jil .4£jaiLa!La I gjUxuai 
^Jill lilljS ^c^Ila i J il a^ \ ^ jSjJJ J t(_3AlaJI CliLbaJj (jjS ^ jslJju <— Lra. ^gjcaJjjll ^JVI 

.UVI o!jli=J3 ^lliSj ^1 Jill ^1 jUaJ <> JS3 <jl9-10) JiSlI ^ 

.i-jjj3I ^-aJ ^-i IajjjIj j^gJJ AiljJaJ ^JUiaJ! jjj j-a JS - laamJ 

jjja^l jUil 7-10 

.C-l j^JI 4*.La]U \&j[aa t_l jAjVI (jj^J La^jc- ^ jLkJJ ^LjJjVI (JjLjSj 
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jjjawall ,_^aj3U ^jJj I JJal t<LuLvj] J^-o j J^jLi. $.LaJI Ja3 ^a j 

^lali^a jj dlLaaall t jaJ La ^JalLaJI jLu^l t jSJ t jjjawaJI ^jx ^lgmll *j^Jl ^ 
C.IL1L c-LaU ^c-ajauj 1 10 in. JjoIa-aJl (J _^aa7i ^nViui jJ-ligJI jlxll o-iic (jj^J . Ja1 

jl^alj (_i ji&U ^c-ajou ^ill jjtfl .£ jUJJ ^LiujVt (j^Lia Jja 24 hr <jI j5 <ua 

^LiujVi (jjLm *U". 1 "'^ * ^ *^J&^ ^_3«J ls^-^W ^ * ' J t^Lallj ^jinn (jl CIl/Ll^sjII 

.500 gal/in. of dia/mile/day 100 o£ ^ 



gal/in. of 6- £L£ijVI J ^* JJUa ikj* 3 ; 3-10 JjJ* 

jiJ^A c^UI tilSi^ gal/hr/100 ft dia/mile/day 



gal/in. -1 ij&A oV^ll gal/hr/100 ft 

Dia/Mile/day 




500 


400 


300 


200 


100 


(in) >a 


3.2 


2.4 


1.9 


1.3 


0.63 


8 


4.0 


3.2 


2.4 


1.6 


0.79 


10 


4.7 


3.8 


2.8 


1.9 


0.95 


12 


5.9 


4.7 


3.5 


2.4 


1.2 


15 


7.1 


5.7 


4.3 


2.8 


1.4 


18 


8.3 


6.6 


5.0 


3.3 


1.7 


21 


9.5 


7.6 


5.7 


3.8 


1.9 


24 


10.7 


8.5 


6.4 


4.3 


2.1 


27 


11.8 


9.5 


7.1 


4.7 


2.4 


30 


14.2 


11.4 


8.5 


5.7 


2.8 


36 


16.6 


13.3 


10.0 


6.6 


3.3 


42 


19.0 


15.2 


11.4 


7.6 


3.8 


48 
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"AIM g-jj ^Jiiuu ^JSM u-ajl ^aiua (i) .j^ill Jlj- ^.J ^ ^Jiiun iiljji :19-10 Jii 

jjj ^ja ^1 jliau AiaXt Aia.i. (_») .SjjjSJI JjUiJI j»Jiiuu jUij ( _ r !al«j (j) 



(Wacker Corporation <> uIjjiaS! 4ia!>») .ujjSfl jjii. ^ l^jaj ^ i jUaJI 

(jl V] CeLajl t-J^joUJ frl j^JI L_l^)jaU AjjlLa (j^-<y V 4il f&Jr L^'J 

Ota. (JSJaJ IjlLLa Ijjji-a jj . jj jL>a!I ia=J AjjjjjJI 4-a!>Ludl t - fn ; V $.1 jgJI jLuiJ 

jLuaJ ^^"j lJj 3 J-j •> <\ll JaiJ 4jii.UI j)-i> nil L_uiajj t(jlj,laJI 
j&Ua jA La£ illlausll jJJ La Jj^. jaII ^JaLaJI Jjc ^JJ *\ jLuiL ^Lall J 
CjX^s j ^1 AjJaijj <— ijijVl CS^^ ^ <^Aj 20-10 Jiill 

2 o^aJ AaSc C.ILVI J 4.0 Psi J] J^aJ (jiia. £3jJ fj i*l jA iaiuJa JJ^aJ ^jj .^ISaklj 

ojlj^. dimj ^ ii-ijjaal] l*ia cjbliJI J£ <j-aai ^jj Laiij <5 min ^1 min 

Jl 3.5 Psi t> JaiuJall Ja jJ^l ^JpUl (>jll ^l^j *!j$JI jlial ^ j> (xJai .«.] j^ll 

jblkVI t>j JMi. 1.0 Psi iajjA ^j-^j ^ jli -Ajjli^ <&Luj ^Jajoil jj 2.5 Psi 

1.0 Psi (>> J&l JaJA lil La! tjblkVI jti?.l ^3 jJjL>a3I Jai. jjll tl-J j...na.JI 

.jLiii.^/1 jLii^l J cLia J3 (jj^j jjjLa-aJI iak ^jli ^11 jlili.^fl cJ^-^ 

t> uj^ jjjMI ^ t> 100 ft JSl ^LjikJI (^Ull ^LaJ 4-10 Jj^JI jAj 

^3lI j ^■S't joSI j n-> flll t_lljljS/l Jak ^iaLa ^jAiJaj (jli . jUa3^/l Aj jllLa ^AJjLlI 

j-aj <LajS/l ajlA ^ _&A^-aj t^jiaS JSJ jliii.VI t—lL.'ia. lAJljc. ^aJJ 4t_iljlj?iU 
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(jj^J (jl n\ l jj jl 7. <\\l Ja jiai. 8 ill. (jC- l&^)]a3 (Jaj V dlljldjai t ■ IjS JJJ 

UJ jLU ^ ^ cin. Hg9 J\ 10 in. Hg i> *\ ^\ M J <a 
l^.X^al iaa jLlk^l yJ Aaaall CuLia Ijjj .Igjc. jl 5-10 J j^?JI 




.Ijj^ Jj.Ua tjajUi laiA AjJjjjJI 4-£lul) jjj&tl (jiiiiill f.\ JaxJa jtuil :20-10 Jii 



*1 > Jai <> jjjU^I iaa, <> 100 ft J£J jbiiiU Lj^l :4-10 Jj±». 



(min) jUlkVI (>j 


(in.) m >a 


(min) jUlkVI (>j 


(in.) Mjf^ 1 


3.0 


21 






3.6 


24 


0.3 


4 


4.2 


27 


0.4 


6 


4.8 


30 


1.2 


8 


5.4 


33 


1.5 


10 


6.0 


36 


1.8 


12 
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6.6 


39 


2.1 


15 


7.3 


42 


2.4 


18 



jjcI iASTM International. l£¥ .> jU-fc Mj i J> jkiJ ASTM C828-06 u^v.. iiu-b *1 > jliSil) 



3-10 Jli» 

^1 jgJI «Uajuil jj gik j-all jLjaaJI 8 in. a^laS j 400 ft 4j jia jjja^a jJUaJ 
2.5 jjl 3.5 Psi lai > iall ^J^J (jalLall .AjjajJI ^ (jSaull 

?ljlA (j^aiklall (.\ jgJ Sail > ^-i jJjLa~all iai. (J* '6.5 mill tPsi 

min jA 8 in. t_j jaiV 100 ft jUOU ^jVI i>jl! 4-10 JjJaJI 

Oli ^ tl.2 

. ... 400ftxl.2min 

jliiaon qa\ = = 4.8 min 

J ^ J 100ft 

. jUikVI ^jUJI -Li. (^tilLjj (Ala j£\ 6.5 min ^JIJI (JjAU <>ajJt (j) 



CjIajaU Ailoa^ jUaal j jUcS jblkV Lu^l a^jV! :5-10 Jj.i* 



(in.) >5 




72 


66 


60 


54 


48 




(sec) ,>jil 


(ft) i5-a 


33 


29 


26 


23 


20 


8 


41 


36 


33 


29 


25 


10 


49 


43 


39 


35 


30 


12 


57 


51 


46 


41 


35 


14 


67 


58 


52 


46 


40 


16 


73 


65 


59 


52 


45 


18 


81 


72 


65 


53 


50 


20 


89 


79 


72 


64 


55 


22 
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97 


87 


78 


64 


59 


24 


105 


94 


85 


75 


64 


26 


113 


101 


91 


81 


69 


28 


121 


108 


98 


87 


74 


30 



.(AialjAj 4juJ=i jjoI ©ASTM International 

Li j^aJI dUa £fi j <lAka»4 8-10 

t£AaJI ^-aJajl l—fijj-ajl aLi«a (_Jaj j £3jl lilljj dll Its a jaVI i ■ lHaill 

(jjJal jtfl (jfl j .4j1a*JI 4aaAjll ^ L&Aa Jtsjll ljUouVI jl jaU Jbu pi jl 
.la. t4^\U <\\\ A Saa a l^Ajjia ^ 1 g 3 aC -ibjj jl (_£jU~aB j^AJ 4 Sajoulall 

A Irs a <_u£jj jfLu LiA . jfLus JJC- ( _ g Jl2iH (—llojajj^l ^ jIjaLujVI 4j«a j.i*J 
<auJaAj| ^ j£j jl jl tjlc. ^UjjI ^gic. (jJajiua jjj^a ^1 L_Sjj^all aLw 
^Jj jj^ i r'lVi jaII i_fijj^all aLi-a (Jib Ja ji_JaA Jaat ^1 ^Jji ^ jlaJ 

^jajlLall jl lg» nl hjg lips. ^auiAaII (J _j_ialjVI ,*ia2 AaJ J3 .AaJIxaII A U~\ a 
V di}2kJ 1.1a. Ja^a CJ joiVl J c^la lsJ+a fUaj ^iLa. <^C Axil jll j Aaoli^J! 
AJlaJI a^A <_5^J .^Lull JJ3 (_g j"b no jA <La-llij]l jj ja-«]l dl^L^aj (JL&loil AjfLaJ 
. (JaIJjJI jjja-aJI A*W\n j<s i—ajj^all aLu> ^tjJaJ (jl a JJ» i ro £2j <auJaAl j^AJ 
^1 (_^Jjjj jjJjjJS 4jLu^aj 1 i^jgaj ' ■ iILlJJj ( i alS a jaI g i all ' " ll a "ajLuol (jj 
(jJaliaJI ^ t_Sj*^all eLva £AaJJ C^Auij iJajlII je C-llla*J |jj ^UJI (^1jll ^ £^ai 
^1 I g n^'i ^aJJ n_ iLu ,> i VI a-l^Jj . L_sjj^all aL-a jjl i >>jq; ( ■ i;>»nj J13 La 4jc.ljj-a]|j 4jjSjoJI 
p\ -laJLul (^LalaJ ^-a AaJl« all ^* jaa a ^3 ja j i jj jLa-all LjiaaLj ^a J jjc. till j j (j^l 

Jin 

^LaJJj .(_JjL>J ^Uj jl tlljjull J^C. t_a^i^a aU-a tdlj JllLa j (100 gpm jjL>JJ 

JJC. Ajla ^ L_ajj^a eU-a ^-a <_Usl*!ill (^jic- LgJjJaj <JiLajj <-alA Ajjaj dllji >^-i<i\l a^A 
AjJaikla { " i\ \ > >t a i— LllajJ (jiaJ 4jl jA ^C-jJU) . Clll ^1 Jjoijlj L-Lb jl (jj^J ALja-a 
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3 in. 4-1 jfil jl j-a jjjajI 4 <i<u,-i,n ojjb 4-^ i^ia jt jl 4<c.UaLaiVI 

.(100 gpm (j* Jj£l 4juuj Ja»-a dllj i J jSx-a J£>^J jIojuuI !>b JaxJI j 
'100 gpm (>a JJ^I <cl Sadjaib 4jJajll SjtaJI £tjJa CjUaa-a SjIc. ^jiujoU 

.(21-10 jJiSl) bJc J AoLjll s jiaJ i^uoiU jjc. Sib CjU^j 

<_T>U. L_u£jjll 4iK (j* £^laVI <jj|j CjUu^all j 4jL*aljill djUuJaJI t flikj 

Aj^^ljxll ( ** )1 a l a al l <^\ j-v y\ w ^ < 2 at 'A jO'v ^ Ajiaj ajflawl 4 s i 1 a al l 4 sl^l i ( °.'°^**' 
■aJojjjIjj AjsuJoaII (Ja^j .4^jJoa11j JaJJj-a obaU cJj^- (jj'* 1 ' 1 ' a ^ (I 21-10 l)^-") 

^Jjlia ^l lVii nU L_aajjjj AajJawall ^ISjj .1 g*nb> <-i j 1^ i 4iuJa-<JI ^lji.V £ij 

JA»J LajJC- (^gic-^U saa. jll 1 ■ ll£jj • jJC- AjuaJ (JfLui bJ AjIc- (j<u '<~i ol jia»a ^J&^j 
e-Lall i_Sjjuaia <j3l jaS «.l j& dllfclaij Clllaa* jll (J^asu JJ JJ .^bLall (Jijluj e.Lalb 
^Jc j)b£ ja 4jjjjtAll 4jl jjll ^1 <m r\ j L_SJ jjL^ajll jjA J^Wlll ^ m jj . jl J * nb 
ajia> <-_lSjJ (jl ill) i >y a\\ jj^AJ .(_>iajSn t"lVl (Jj^oila t—lljjjoi ^ jl (_HajS/l 
^^ijlll ^b>jll (JA (Jj.Vh s-i ^ji <LajAjJaA 4x.j<\->> jl t J jlLall (Jjii (JA Ajjja Aaiaj 

.Aalajll ajiLJI ^ 

4*jbij 4^ t (c_j 21-10) Jittl ^fl *iuJ ^^Vl ^ SlUll t-jU.notij 
j>A Igilj (_jJj 4b>bJI jjj i L yaj$\ (jj3 £aj (ilj^allj A^jJoaII Jjj^a jll (jSf 

4S,.>»rt\l Cjlclij j3 jj ,^a\ytl\ ^ JUJI jA La£ cbuk ( LuaSH SjSaJ! 

JLauVI jb J jJ-a jll *-UaC ^s-ajayj t4bL^]| j| jxll ^ J^Uull SjjjS AjjlLaj 

bile, jl jj bji^l j .s jjibx jlaj (jl CLibi-ukuJ] (jS-aJ .^lijll jj jla. (j* AjlbJI 

(jj-abl j (_>ajVI <3j jat-all 4j| jj]l ^Uu-aj l_ SJ j 1 ^i*ill (j-a (j'q-vMI ^»bu-a 

J jj-iajll (jJ^sbl 4jlL jll ajiaJI (_3j3 JJ* 1 1— lb (__l£jjj .La^jlj (J jj^a jll 
(jAjJa gju ^><\ll 1 ■> (jjijUa (j-a 4j j£-a 4b>jJ ^LjJa Cjl laa a jSjJJ •< ajJajdllj 
.AlV j Ci J& 4M jA^wa j j^jbk JfLlA 
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yjj jS ijajjiu> (jSi Jfcwc jJ>?-« (> i-ij*al! »Lw £4jl ^Jolij fllaj j*<a ijUaa-» :21-10 JS— i 

iual jc j*2a ilaxo (I) .Ljiuixa iai. VJ^'j LAjj^j 41 jiiS jjC i_a j^a »Ua AaJUa 4jaa-« ljUuuU ^Saj Jn^i 

■LHjVl Jj* »Jja.>« IfJjSJ J^j iLJx»ll (jfl Jj^jJl .AoiajJ! SjiaJI jji g_5tay( iulj SiiU Aiui* 

(Gorman-Rupp Company <> ASa!>«) .^lajfl SjiaJI uLjlaSj LfJc (jijStilJ AaJi ^ I ^ 



1. Isco, "A Teledyne Technologies Company, Water and Wastewater 
Monitoring Products, <http://www.isco.com/products/productswm. 
asp>. 

2. OSHA Technical Manual, Section VI, Chapter 2: "Excavations: 
Hazard Recognition .in Trenching and Shoring." U.S. Department of 
Labor, Occupational Safety & Health Administration, <http://www. 
osha.gov/dts/osta/otm/otm- v/otm-v-2.html#8>. 

3. Concrete Design Manual, American Concrete Pipe Association, 
Irving, TX. <http://www.concretepipe.org/manual/START.pdf>. 

4. Engineering Manual. National Clay Pipe Institute, Lake Geneva, WI. 
<http ://w w w .ncpi . org/engineer.htm>. 

5. American Society for Testing ad Materials (ASTM), 
<http://www.astm.org>. 



765 



jJjLa-a (j-a Lo jjLaJ ^jxs j " '«■ oLva jJjLi-a j^) -0 O* 3 ^)*^ ^" 1"10 

t oLva jJjLi-aj o.Wull jJjLa-ajl Q±i La L_£tikVI La ?^-s L_Sjji^a]l 

^^"^ i all <_sjjy*a]| jjjla-aj 

0 Ua d/jli s jbl 2-10 
La t3.5 a jJ3 Sjjj (Jxlc ^ t 80 gpd/home LJa^ j Jjia 500 gjil lij 3-10 

?1-10 Jj^aJI bLlLuil it-JjlkJI jjja-ajl (_l jd ^aja. jA 

U-10 Jj^l ^fl A^jAJI LjJ JjjJI A^aJI ^LaVl j>A> La 4-10 

t_jLu-jl jjjSj La^c. 400 gpcd ^ ^t>^l jjj^JI t ij«.m'i liLaJ 5-10 

U20 gpcd - 8 gpcd^i>^1 »Lu 
J>J JjjL ijial 180 WL t Vjia 520 jjjki ttiai. ^6-10 

^Lou jl ^Sjjj .(JaJJjJI JJJ^I iaa- (jic- LaLbj Vji» 440 AiLia] tAikiall 

. ( jJaLa J£ ^ m^^ 1 f?^ -750 gpd/home a j^a s jjj t-jLu^L JjUJI 
4.5 Jj^jj 24 in. ojlaa jjj^ o^J J jLui] ^.^1 _»& La 7-10 

. 120gpcd = m^VI JjL. j 3.5 jJLj 8 jj^ 1 J-^ 3 ^ ?J>° dS^^J 

AiAaj ^ JJjLvJI La j iCjLjjiuull <J Sji*la C-UjU ^iVu.n IjLaJ 8-10 

.koijla 4-aii 1/2 ^^Lall l—lLbaijVI ^Jbj t8 Hlgd t_jL>ajVI Jaxa jla jl£ |jj ?^L>a^1 
4±}jLSf <-^LU]l fS^aJ Laa t 3-9 aU*-IIj '^^a^a SjjjJ l^-Slj *C-jU-jVI 

? jJjL>aJI L^Utj L_J jjtfl aUa i-UjUl jjJ La J^aiJI CjUkLa ^ La 9-10 
(J^laJ! (jjS ' 8jS jis. (jj-lJ 4-11?^ 4-aikluixJI (jjiaJI ^^A La 10-10 

?4 qV'i-^ « j SJjLala 
? f ^-h,n jij IjUj ^ij-ill CjUSill laLajl La 11-10 

1 3La] ?Jjiall L-ijL^a.fl M^VI s-Uafr ■ ■ uSjp j-a (>aj»J! La 12-10 
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?<U3 t-jUuij^U j>21« JjLSJ JJJ2»-o J Aj&UIx. oVI till jjjill jj ■ °J< 13-10 

Uj ? jjj^I! jd J£b ja La ? jjjM' I jU 14-10 

y^gC-U^l L_SJ^»]I oUa AjSI j-a (jLaJ I "°J< 15-10 
J ^qj LaJj y^-N i ^ill L-SjA-all <La.li. J jLiaill t_l _afjl J. I iLa] 16-10 

O^j t_L£ ?^ j^l ^ p \£aAj J ^UVI CjX^. jl jjS-j 17-10 

filial] 4jjjUa1I A ^^A La iAjAui AjjJ J J^-^" ' '""^ Mjf^' ' . j"'^ 18-10 

?(14-10 Jlill J) 

^fl PVC —11 (> aL>a Jaa> ^.LUll Uij-j Aj^&UII tfjUl ^jj La 19-10 

-."J /jjJI illLvaJjll ia-aj _&A La tAjjLiaC 4jjLu ^ *.mU 4jjj ^20-10 
La ^(jJjJjj Jj^L t \\rn Alii. '(jjllJ t jLjaC iPVC i>° L r J ^LI ^jLj La] jLu&VLl 

?Ai-ajVl C^i CjL>aJ jll Lj UjLutl ^kjl, ^31! ^UaVI CjIjLu^I ^-A 
j^a Cjj i La-liej . t—njbVI A«] Li. jiiia liS-lii. (3»JJ (jl Jjla-a .lljJ 21-10 

(jj^J <C_)uJ *L)J^i Clljlgjl .llll .lie j .?.La eja3 (j-a jjajj cAjjjII 

fjjlij J (>Vl JjJI J* La . J£ 

lll<ala^J aJ AjjjII Oil jSLli AjjjII j-a 4_kJaj3 ■ " I J i tag. . (j-lii. J'^ .' J J^-° '-^ 22-10 
jljiaJ (jaVl (jj^Vl JjaII jA La tJaai dlLajLoall sOA Jc IjLufrl .Jj£ Jj dl jLp j 
l jjSlui ^jJI Ajjikall AjjLjaVI CjLa jkJI ^ La ?jj^iiJI 

Jj-a Jc. jJjLa^a j^-aJ c_ aj£ 23-10 

jLllkV 4 a^aJj a^l CllOa-all ^Jo La ^(j^iaJ! (_>aljj jLui.1 (jLaJ c_aj£ 24-10 



767 



i> 173 cu in. _J C5 i^JI jUi^VI ^.111 lb/cu ft U y& <iL> aisjj AiliSj %12 
^1 QjjB ^Lj .9.65 lb <-M jjjllj 10.8 lb ^ j» uJjJ' J ^ 

<> %90 cjii^ijJi .-^U". i a ?4iu^u ^imi ^jUi 4 ajlji Aiu&ij 

ill 

%8 o j^a ^JLla c^j^J l5 j^*- 0 i— ial jxll jLuaJ ^ ^Si 26-10 
^jJI :^jL La Ja jji-a ^l^klmLj ^^SiLs. jLlkl gjj .128 lb/cu ft Ujja 3iL> 
jjjll ^ ^ .11.2 lb oj^a t_aL> ^jjj 11.6 lb oj^a ojjj 166 cu ft = 

.-ili.^lj^l C^jlkj |j| 2bJli»JI AjjlaJI t 4j]SaJ AiU&llj ti_sUJ ( JSaJ I 

Ljj f U3! ^ d jjj*3M gr* ft-JjuAi. <jJ jjl Ja> c^lial! ,jj jit j> %95 

?5£joiLalall L-Jjjlb Ajjlia aWJI t-jjil] ^a^kli nail <>al Jill <-A La 27-10 

0 j^a E jLkil c Ui J iia ^ 12 in. » >aj 1000 ft aIjL Mj J ^LLa 28-10 

j tgal/hr/100 ft _SL E jLUl c Ui jVI .30 min <J 13 gal 

?3i_»jLa jjj?-aJI ^jsa Ja '200 gal/in.dia/mile/day ^aJI J 1 J- 1 *- 0 

200 ft AljL JJJ^al C> a^all £ ^ CT^ 1 M^"^ 1 J* ^ 29-10 

»l j^j Mj iiSn lil H00 gal/in.dia/mile/day SaJI u 1 ^ 8 in. » jLa j 

V2.5 Psi 3.5 Psi (> iai^a Ja jLn=J j-aj Jal La tj^Vu iai.,ia 

|jj j^L 8 in. « jLaj 250 ft aJ> jLjaiJI <> Mj i ^LLa jiSil 30-10 
?Jji. vjj^Vl J* '180 sec J^U ?2.5 Psi J] 3.5 Psi <> ja.^11 
JajjA 48 in. UjLa j 20 ft L^lac a^J^ _^JI jLiii.1 j-a ^Sj 31-10 

?5J ^ aajsJI Ja .2.2 min l jj j > Jai: - c? 3 1 in. Hg a j^a JaJu^a 

CjU^ikVI La ? t _a > ^J! 0 Ua £^a CjUa^aJ JbJLJSlI iaLaj^l ^ La 32-10 

flgjjj La AluiLuiSfl 
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11 juott 



J jl llljl£ Jal .J jL all ja 4aL^JI jl j-all j AjjjJaaJI S^Lall 3JI JV XJaj^a j 
(joELaila (jjiLUa j-a L_Sjjl^3 dlljl^i. K-llL^LlI <_Jj3 j<s (Imhoff) (— Sjg-ajj 

a J7> (jJill ^>JC. (_£jl*JI (jjUail! 4 ill t-\\\ jlj-all ^aj .^-jiLa 

CLilcjaJI jl Vj 40jJua-a dlLilui^J ^!lL cdli j* ^E-^)ILj .tllLllaill '-J^JJ 
jl jj.ll 4jjjJa*JI .il jaJI ^1 AkLjJ i4si&\\ kAc AjjLuu£]| 

jl A^XJ jA Ajjjt^l A^JUuaJ! ^ j^l Ji^VI jt£ ^ -jj 

C-lLjilaI3 jjjlxi t(_g jlVlMI J^-Ai CS^J tAjLaxll o^J .BOD 

AiLkJ! jA ^jiaajll ^LoijAl] All JJ^S/I ^JuuVi J .1910 flc j^jj Aoi^all 4ajLaJI 
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j| j^II (jL ^h^Xall jA t4jjJsJ <aJU-all ^2 0*£j^ U^J 

(jlc^joij ,4jjjJa*ll dlLij^)iJI j.}fjj c4jjla al_La J dljjUa-i iAjjjaJI A \\i 

(4 lajjlLttJl aLuaJL) L3JI J^Ai <j-^ J 4 *SU(£ "> dlUjjJaxJI Clllj^ (_^aJjj La 

CjLuj^jiC. ^gij . 4jLiHLj <La L^jll jj (jx (jfL«J La J jl-s o^ jz. jA\ L-jLYoLaJI 

.(3-11 SjSil! j] jjJI Ljajl tibia jj) cjjj^ajl oUa ^> BOD 




y_J jl i_iiu< jj ikA J 4jUU* <> JjUJ! AaJUua (_*&u .AjjaJI i_i j^l sUai iijjjaj 4jUU^ Lki-» :1-11 JS*S 
4— JJji 4_J ^ jtj4 ^jjaA (j^ 4_iiuaJl j! j^jl JjsJbui i_i!hj .i_Lj^aj]l Jji y ^' '■ j i^lfj i_uui jj .Ajjja 4jUIju« 



CibLia jjjj uk< yi iiAJ&l\ ^jiaj isluli *; a< ;- £ jj j <ijjjlj 4jlua c«ijj j 

<=Jl*-all AilkaJI CjLLa*JI 1-11 jLill J ^jJj.^iMI Salaa J j^lj 

tJiWI LjLbaij>jl '^La <— ll jkaj j*. Wft .AjjAaII i_Sj^jI aL>aj ^Uljlfiill 

(j-a AjSjuISaaII dsl .la-all 4jLaaJ (jjuiaJI lL^^I <JI jjj tjj^ajVI t_)jjjila (jjj)3 l—ajj-ial! 

jjt cJ^I a L>a j> J£>JI 4uLJ! jIjJ! ajjSj! ^JU^ll Jjji .^isCsB tSt^VI 

I 1 jajl AjjuiLaiVt djlijj-aJI - ik-Luij .^Jajoill ^1 jiiaJ (J-^l CliliJI (JjJJ La£ " .'J'"j'^ 



770 



4j^a*J j| _aJJ (5 jJaJI i^j=^\ ^Ja 4_aJl*JI j 4_aJlxJI CjlAafr 

4_aJl»ua JjtjJ l*.Ji .^jjljll (JjjJI J JljJ A^La AjjJa. JJ (BOD) 

jjtoJ J ' ■ ' " J-^ ' ; IteJ . (<Lj^)ia9j dlla "'^>" a ) 4-^^iSI JaLoijVI Lj_l3 LaJ 4 0-ll*Jba 

IjA (j^Al <_£ Jl ^oVI J^aJI ^Jaluijj <LJ3jaJI o jJala-a Jllj La 4£ jLJI JjaJull 
jsJJ . j*Vl Ajlklj U Ua j ^LSLuiJI J jl^aJI JJ 4_a.jiaj J tdjljLull J at lalJ 

(Jjjj 4 n-t"n ^JJ j t(_5_jjlj]l (jjjJI J i_JjaijJ (_£JI (jiajlill ^jjSLlJI j-aJI liliSij 
fjJafri <Jjjlii]l 4_aJL(-a]l j J jVI L-UjoijjII ^ CjLjliiJI CjLaa. jt J£j£]| J$JaJ .-Uj^aA 
iJlaJ V Jll 4aJUJI CjUaa^a ^iVu.n .«.LaJI £ jj Jj3 jljalai^/l (JjIaJ Lul jAV 

(jj^j j .Ljji-LajS 1 g JJ > uau -1»J ^LkJI aLa^JI "ajjaiLba #.Lall (j-o^l aj > nV 4jfLul£.lfl 

J iJjjaJL) jl iCjUliill ^JjJ L_Jlia J *Laj| 4c jjla 4_iL-all j| jJl JUJI £jJJI 
.bj^ a j?lnio CliilS (jj ^^jJalj^l J Lj^al^aJiuAj 

Ajl^all ajLJI JjjaJ LpL AjJjISjJI A^JLlJ] <LaUUI JJ jlaill jLaJ 

(j-a <UI jJI ClAjjLJ! JJ^JJ j»JJj tAjL^ -llj>a dll iafLa JJj AjjjJaC- A \\ > ^ "ajLa 

>,nll L_sjx«all al_La <LaALaba (jj .Jig-ill ^ Jail ajj» ^ a J (JJLa-all 

<%0.1 t> Ji <fL^ ^ jI^oj (400 1) 120 gal/person Jl jJL3 f UJI 
<JI*i^ .BOD _SI t> 200 mg/lj <4iLajl aA^\ A jA <> 240 mg/1 

JJ ^ <> BOD —SI J>Jj tAjj^^l Jl jJ M^JI ^jjQill Cjbj.^wll 

j'W \1 * a\ \ j 4j^^jaLall AjjLaiil CllLllAi]! flLft^ ^ ^jj - ^ ■ bjJ ^pll 4J ul j <A j ^j-v ^Lli*^ ^i^A 

«(2 1) 0.5 gal/person __j ^liill j jVl 

Ujax lLjUJI tjlaj ajLa Jj fltaaJI ajlA j^JJ ajbj ^jj .(1-11 Jlu) Lujj 
4£*£ll ^ ^ .i^JUJI Sjlcj Jj ^^kloiJ pUI ^ dl^ /lAulli- l^la pUll 

%5 — j i ^a ^jl^ ^-a t(2 1) pint/person *LaJI ^ jj ^> Vj^l 

aj^a 4UL^]I ajLall j£ Jn t (0.25 1) 0.5 jjS j3 ^Ljj ^ .(1-11 Jii) Lujj 
(_g jjJa«JI jqa. oil t jjiau J Jlis tli* <_5 jJaJI - JbjjiJI ^iVi-sall Ja^j j .%25 
Jl j LaiiJ .SS -Jj BOD —II U\ jb (j-JJ jll cJ^JI jUil Jj tjj^JI aUJ 
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^x^L t2-9 J j^aJI ^1 Sj J*Jbj - <_JSt CjL>j.JJ cSjaJ AlLaC. CjIjjIa j 4j|jLa]l jl jajI 

t(# JSll u^jjiill o- %70j .(TVS) SjLJJ ^ULJI -Ml t> %50 J 
ajj^JI S^JU-all ^ jUJI (jaiill ^ ^^iij t^Kll jjLoj jill ^ %70 j 

jLaJ .AlutfrtSI cllljjLall ej& ^IjV ^UJUa CjULaC. jaVI l.l^n 

Ajjj^JI 4jjjjHj jjUll ^JaS Q^aLLj t ^LiajSJI jpa^fl J <— ll&ui jSjJjj^l uji a jj 

.Jajuaiall (jjJjSJI "UojoiI jj <Jj^ax]l <j|juJI 'LjjjJaaJI jIjaJI <UI jbj tAjjJjJI <UI jbj 
AjuLi (1 2-11 JiuS) L_iu*JJ jjj (j^ UK ^.jjaaII <jl 

tojj*j-£all (J^J$\ ^Jai Jla ti—fi^j^all aLu] 4jb*jJa ClAjLljuul ^ ^\ l^LuiVI 

^ a jg 7. ^ Aaj^a-a (jJal ^joj La Ajj^jll (J^al j*?-*- ^J^J^J •'— '^Ij L$ J$ J 
(_^a lIsIIa ^1 '<~i\ L_ a^)j-a aLlA t-j Ltui jl l_lCjlui3 a jjuiHa 4jj£J dslij ^jU^iaI! 

<A.iiJ tdJj j taia^Vl tUlullw el j^a UJ%^! 4j]sUA <jil jaj ^J] tjlj&l 

SLcs. AjiaJa ,J AjUUI <J jVl (.n.njjll elil) jjjj .<_sVI <*jJaJ LjjlSLui .j-jc 4jj.la 
(_£ jla-a tllli J^j' ' . U ' " J-^ ' ^ »L»a« ^^Jc JjxoaJI <jA V^JS .dlLUjll 

Lfcl jli-aj -7- a SI SjjjSj 4_ul jA dlLjlijll aLaa. y jSj 1 a iAjL-^all .jI^aH (jA 1 (Jlc- 
£-a (_Uil*jll |»Uaj (jjSlj nillilj .%2j %0.5 (jJJ La ^jljJJ AjL^all .jIja]! (JA 
CLlLajJaU Qa (I 2-11) JfLill ^ £c1^oa1I djlalaJtll jJjuj kka J AjLall j| jaII 

lAjJaj] ej&Luball eLaa. (JjLjj i ■ la m j t^aLasJI jlaJia.'V Si j^-a CjL)l_)i) 4jjIjA 
jl ^liall aLjoiI jj filaaJI --^^ jl OJJ^I Cjb'Lull (j£aj .Ajcljjll ^^jJaljVI 

JjaVI (jlc. as.u.ti ijjj.^B J\ 2-11 JS^) i-ij-all aLu 

JSjoJI j .LajJ 90 J J-^j a^JC (jj^J jl t^jL Jaliia.VI (>aj (jjSjJ 4<Ljlii] ^Uiaikla 
.(-jjj^all aUva. JjSLual L. lh.fi ^j]| AjauJa^l AjjJiJI CjLLa*!] ^ jj kkkx 19-3 

tJjLJI jAi. (j- jl bjLaiA ja nil J^*A jjSj ia 4iUJI cjUkllall ^ j 

^3 ojSLoiaII 1 a j 1 all bLa - l^Luij ' ° j > tall aLvaJ Lab' I jlaaa.1 til Jill j3 jj Jblbj 
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.^jUJI (jajlll ^jL cjUikLa ^ILIujV l-iIU Salt 4JI jV (Jjj*j c) u, 




■ - jj (> A^U-a (i) i_i sIj^j" CiUUuul iaJUu LJiiSf iaJbu* Cjlklaa » :2-l 1 JiUii 

4Jaa.JI ^JAuflj <ji Cil jUjC-I 1-11 

; ->j <\ \ CllljLuC-l ^-J^J LlioiLuil Ljjj i aJ 1 iaJaa .n 3-11 lJ-VijijI J(g aJ 

jjjIx/s (jj£ Jj I jlaj j jfLaJI Cll jljJI Jali >t AjaLoi (_Jj3 (j-a aJ <\ > ^>"ill Vig <\1 

t_J^J talaijjjoi jll oIoaII ^1 jj| (_^a £^jj (J^J 4j^aLi.j <Uo jj ^jliJI (j}3.jjj1 

eLla CjIauljI Jj 1-jljjjoilj .Igjbjj^aJ £3j-*l l*JJ 4 ■>. 11 t ,n A a (J£] Ia.jLuC.1 

jliJI (Jg3 ill] Ajjlia-all 4ac jjll j ajl ■ ^-^ J& j aIsJ-jJI ^»LaJI ■ °j' all 

; ->j <\ > ■Vill ^ Vig ^ (jla t^aJLuall ^Uaj ^ jj <— £)lii.lj ( fljrkj <aj3lill i_Sjj_£aJI oLoa. (jl 

^Ijujl lia.V ^jj . 1 g ^ jaj 1 ,n oLaaJI 4-ij£-_yA\ 4ijlaj| 4ij*-a JJ 

oLuj 4 11 x a ^Uaj (j-a (_J£ Jc- Ig-La ^IaSI ^ ^ jljaiail dlULaC 
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L-a_> l 1 J jL " JI Js-^-' •M-Lj-o 






C^UJ 5,13.1 











AjjJuJI L_ajj^all aL>al AjjjLMI AjJlauall AjjSjII oJuLubajl JJjU-all jj 

«30 mg/1 <51xa1I AaLisJl i ^aU j t30 mg/1 t> j^a BOD —11 ^ j^i -L^ jia ^j^al 
i_i jj^JI oUa (jaju ^jSju jj .9.0 j 6.0 U pH — 11 1 10 mg/1 ^auill j tlyjll 
.^aLsJI Ajsu^all aJ aaJ UjjjjJa tdli jl£ ^1 <_i jJ (Effluent) £ jUJI 

^jLill Aac-jjll jLut-a (jj (Jj3 jjl£ ^^na jAjuIuiV *Jjl£ ^jj (*3^ 

jj .100 ml — 51 <J 200 ci- 1 *^ V ^jua Ja^ jla ja ciiLj jl jail UjjjIJ 

J&1 jjli (NPDES) "c-TjLall t-Lj.^'U g^jl' JL^SLo.Vl ^Iki" o^P>J> 

JjjIVI t_J=>-jij (_SJ^ tljljjLa j-uWn Jj cAjJulilll CliLYjlall aJiA JLa. IjiJujJ 
tAjaJajoill aLuill ^gJJ jliJI JjSJull JJjU-a t - 1 ujii jj Jill .l^&LaJi ^Lall Ajc jj jjjIxaj 
JuiLaJl ^ jU £ jUJI <j3JuU JJjU-a U .5 5 6 jull ^ (NPDES) 2-°Ll jj (jjja _»J La£ 
.14 J*-*^ (jialiluaS 4 Jj^JbaiVI oJllcj (JJlUjjJaal j t JuLall JJC. j 

£-a Cllljuuallj (jjalja.Vl .ilaJ -^-^J ^ «La^Vinu>\l ^jj^all ali-a <Ua£ U^P* 

Juc .\A}3 jjJuA aJuLa J 4j ja^JI SJuLa AuLaaJI ClulS, I j] La j (Jjljuuall A*jja 

<j-ajjll j cAa&LJ CjIjj«j1I jLuii^JLi IkVl aJ j-aaJI j t_jUa»jVI ^jS 

Ajiu^ll Ajj^Jill CLlULbuajVI Jojuj ^La jjSj Ajflljill (JJlU.llall ^ <!>tia3 .AjL*aall j 
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^_aa jj Aic. cIiLUjouVI (j j£j j t%30 Jj %20 (_£_aiudll J^*a3I ^j-a Ullc. 

1 ^ in j JalLall <\ > .-nil (j-ajJajj ,\^ajAC (Jiil .la.^/1 j dumll ^Ll llllc.1 L ^ill 

jll j a lalall jjjU-all J 4*!aaJall j^lcVl £>La1 ^sJ=uJI jLjaJI jLuc-VL) 
(jl tLjjlr. ^Uj (ja Tig rtll (j^-oJ '^iila jlj dsLiLu dij jj J j .4 La o\l eLajb L_iLaijj 
jLuUj .%25 4.1 urn ^Vl jJjLa-all Clllj JjlaLLaJI 4-lLuujVI aLva <Lta£ JJJJ 
."(-Jajll ^llaJI ^ j <\ i ^>"i L-lLboul" J0f<aj <UuaJI ajlA 

is jjjJI AtLuj <-iU\u — j (Loading) a! j-aaJI ^jSj t-jLuuVI je si* 1 J?*-}j 

(jl j£-aJ liiili jc !iLia2 .(_£jiuill (Jja-allj 4(_£j£ji -Luaijla ^ i r-i^l j i^^j^aSV! j»jjll J 
(j-a lb) <Sjfl~sll j . i_llajll ^liall iajj jlo j i_sLaJI ^LLall JajoijlaJ CjLjLuujVI Jj jL2l! 

. j£j3ll Jij ^ill ^lu^l t lgj|j ^ (SjUall aA^II jIjJ J BOD 

J £J.£ (jl ^jal j£-aJ ^yliLaS t(JjjL«aall j-a J . ,-iq; aaJ jl j£-aJ 

i 4_ka.^Lttll a jjill Jj ajjill AcLuo jjjij .JjIjjx J^ljjj JiLu-a JaLiul Jj-ia. 

i—jLlouVI <Laj3 jj .(_jjl^j J,.'"^"' 'ojjj J!ila. jl iAi^alc <Jj jia. JiLa, AeLj 1 gj '« "ojj3 
JjflVllI 4-aj3 j .LjfLll JJ-^ SJoLall illl-la-all j i_JJjLjSfl J ti— iLajJa^ill aLaLa.1 .IpaJ .lift A-aU 
^jJI (jxuJaJU .0 JJ^II CAjUala ^Jj ( J ^jja^llj 4jj£jll dll-la-a ^Lajal .ls.laj J <Lal& 
U i ^J3 - laluij <JC.I L all <U j^aJI Sjji CjIjjjIjj t_liaj]l ^liall i_lLuujl j i aSi^l 
Jjiaj J (SjUlall AjLaSI ijxllj BOD — 11 J i^lh^l igJO^ -kxajld 
iaxujlall Jj^aJ Liajl l^-ic. jixJ ^jliJI (j^-iill ClUllala jl Jj IJaj 4(_>ial _aa.VI 

Ajlxll Ajiilac. A_a£La-a J <^^aJLuLalt ^aall i ■ liLS .^^jlll Jaxujlall jaJS Jaxujla 

^ jjll \mm y j» ■ a) dll A»-all aa a jj^J V ■ " Ua j 

1- (J£j^i3I J <aj^aj-all <aJlxAll CjULaxl r-»"i\l jjjlx-a 1-11 (JjAaJI ^J-lj 

JjOaal (JJfkill <Lla LpOll j (j jjuaSlI AjfrLoill Ajllljji^JI CjULuiU^I jj .11 
Jj %20 jJJ La LuOll CjLlLiiuijVI Six; ^ jl jjj .^Sjll CjLa-ua-a£ aj!la-a Cilia. j 
• %300 Jfr %200 Jj lUo^ ^j^SII CV^all U t^jjll ia^JLall t> %50 
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CjI^jJ Lgifr Aj! I jJaj 4A£jj^s (jLja>Vl (_p»»-J ^ Aj.laJI fjSJI o^* UJ^ J 

<cLui ^>jc. w j <_£ill <— iLiuuVI j^gij ^- j^^JI ^jj (jj^ i^jJU diUjlliJI (jjj^/L* 

(jjfLl (jl AjjgJ ^Uail I-iItn a Ail ^Jc. Aq.r-tl j^a (j^ajj ^3 (JliLall i}±^> (_s^*3 .ia.la.lj 

J liA .10 mgd ^Ijj s jjj (-jUoijbj 5 mgd aJ ^j^i .kuojla ^gj-aai 

Ajj^JdJI c_s jjJall <— laJj .la.1 j ^jj <_£>L». 5 mil gal AaJlxx Igjc-UaLoib a .la. jll 
l J j .10 mgd jjLaJJ V o JJ^JI Afi-Loi J^a-a (jl ' - Ua J l— iLbauVI jjju (_g j > aill 

jl .24 hr ajia ^ 10 mil gal A^JU-a ^ jiS ^Ikill (jL 11a J 

.laJI i_S j jJa j tj-la-all L_Sjjia (J A till .la-all dsljj£-a JSj llsULaxll JS (J-aaij 
t^P^Vl ^aJI (^1 ^.^Vl .laJI (j-a ^LftJI JU-all jjVis .0 jjiJI <-S JJ^J '^Vl 
(SjijJ .AlalS AoLiu (JjWll A-aJlaua tlll^ j sJfr fc . lS^' _>«Vl 40.la.jll JLa-a 

lgj!.la.j ^1 j^L 4A_iajuija1I j_j jill c_ a j^)la Claj (JaxII A-a-aj-a-all 4_aJl*-all t"il <\ (j-a 

.dlljjall (JU J^U. AvaOiJI (j* 



1-11 JluJI ^5 AjjxaJI AaJIxaJI CiLL»x! AjaijAill (ijnm'tt (jil jfl :1-11 JjJ* 









L-ll J.illVI (JjlUS 


(^C-LaJI B Jjill 


(jljjJaS (J'-JJC- 


(efclulll 0 JjjJI uLk«j! 






^LJI ^aVl ujU-iVI 


(Jul ^11 tS^jfi 


(efclulll 0 Jjill uLk«j! 


iSj&tt) (^^aVl i_iLl-uVI 




BOD —11 a- ajj^I ^j^SII aJj^JI 




BOD —11 (> AjeLJI 0 jjill <J j^a. (j^aaj 


^j^jil! ^^j^aVl (-iLi^uVI 




^ciulll Ojjjlll 1— ll Jni'll 
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A Ai tall jl jj-o (_g j' a— 1 a! j-a^JI (_>— — S 






( _jj>^aaVl aLaaJI tltjm'll (Jr-it^ 


.^Vi sL_J! iJLj_il 




AjL_]I jl j-all ,_J j ■ a— 1 a! j-a^JI j » 






( oLlo) (_£ j l .a— 1 AjfLJ jj-li^il a] j-oaJI 



BOD St JJ (j-a 4jj._aSI i_S^)__SI ol_La (j-a (_gji (_£ jj_ all 3 — — J 

A^Jlx-a 4___« ^^jc. Ajj-JaaJI CllV ja— Jl ; -» j .a > — J (jfr jmMI ^JJ .A'°U <i\l A \ , j| ^a]|j 
l_)lj_.l j (Jj_a_J .^-jJjujS/I ^Ll (j-o ^JJ <_J— S L_l_ijLSI JJC __joj_« jjjL—J 

. jjSijjJI (_>ul;j3 (jjalj^Lol! ^ jLu — VI ^I.'iV'uhIj 4^jJLj l_ll_)jlj JJ— L <— jLal jinlull 
A-ajkS UjLaba J V jl '(jj^J J3j to JJ— 'I j^J^ ajj— il t—lLluul a Ac (Jjal jjj V 
i_±a.jJJ ^1 AvaL^ll (_SJ— VI CjVj-_altj .L_l_)jlj ^1 tlll^k jS La a JJ— 't ^ 
t^hVull JJC- L- iUjauVlj ;Lj j«aVI (jJ^jjli dlV j-a_ ^ jbdC-VL 1&.J_,I 

^gC-Lu^all e_sj__!l aL-a ^ <LaL_ll jl jA\ J jj iAjlLaJI aj_lj 

^jxjS . jjjLxjSI Acjla Ac- j<\->. <n 4<aJLua _jIj_.j jJ <\ 1 — J jjjLx-8 (jc ^>J*J 
o__l_jj t_ll.li.iijl jl (J jJall a__l t - iLj ' —I) eliV— I jj^o^JI (jjl jail (jc 

L-u—ijjll Jj— — j |— u sj_.Ijj ljLi—uI^ Jalal—VI A_«jl j ^A_,L_v_l 

ijjjt-aj .Jalij_,VI Q^fjj t(j— 1 ■ iLl— uVt (Jjjuoj tJ_JI aJj™_ (J_t-a IjLojcI 
jjju Ajc ^)J*Jj t^J J— ' ^ *— > j— 1— a AijS (j^s ^ jl_JI (_33j_I jA Jj_1I aJj__ 

j^i ^^ajl-l (_jLi_uVI Jjjus Lai Jjia _ya ^ J_l ^jJI ^ _jLi j]L_l 
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JS1 ^ jJI J cjU jllil! 

.CjIcLoJU Ajc IjJJua 4 J^WI C-jUjouVI (jic jl jaJI 
AjL^II jl j-a]l CLjIaj jb jjjIxjj A -\ SI t flll Cliliijl AjjjJaxll aSja^JI jfr JJ*Jj 

II AjLaiS Cjl-jjjbj i aja - SI oia.1 j (J SjlJall Aala-aJI 3-lLaSI i jaSI jl AiLuall 

Jfr <lj-asJI (jfr is.jl& JJ*Jj ~T~^ is-l^lj J ^Ul 4 uixai cDLi BOD 

jl>J t> 1000 cu ft Jb ^kaSI CjI^jUIU BOD —SI ^ ^j^ill 

Jl JJjoU jj f~>^SI frl fnuiU tig uiq'l Llsl-l^l jll (_£ jJ^JI ^juijaSI "UjoaJ ^.^"hinj .^jjlU 
^3 (jLJjj.li$JI Jiliaa.VI j-aj) <JJ^I j) ■£_j2ljuafl -7-- Jl V .LjuijJI 4_La£ 

JlaJ 4^jLui I fl->^> (_S jaJj V A^ jS jJjll CljljijijAll j! Jl IJajj .(djlc-Luo) *LaJI 
4 ^iliLo t^iajuJI A^Lul« o^lj Jfr Ajula-aSI L_Sji^a3l oLl« AxafLl AjSJj jJllgJI aI j-a^JI 
<jue^j CjLajJalfrSI AS jas. jfr JJJajSI j>JJ .(mgad) ^J* j> jJI J *— sVj jllxSI jJJ^La 

. r jJb jjllc 1000 SjIjUI ajL^JI jIjJ t> CjUjUI 

jjoaj-ojSI CliV jViaS 0 J o 4j.j.j£. ^aal 4Ac jj-aj a j jnTu jjjIxaj s^lc jj 
jl t^yliLaS .AaJU-ttJI Clll^a. j TNt J^-^ iS^ Q^^j (Jj3 j-a A*a l^J 1 n <\SI 

Ajc^.l^a]lj 4 > ^>MI (JllL nlj 1 11 j t/e-a » ^ <— ajj-^aSI Jjal^al Igj ^^jL^aj-all jjjIxaSI 
tAaJUuaJI Jjsl J-aj ^jjj^all oLj-a ' " ^ ' ^ J*" J ^^"^ (.j-^ ^ ' J 'A-alaJI 

A-alaJI Aajl^iII (.\ jXa (_>ala ^ jJjijj jj£ll elll jja )\\ L-Aj^al\ o\jui AiaJ JJjSj j 
0 jlA (_J£ ^l^iioll ^»JJ 4 JcVI ^ hinmj^SI JgjS U^ 4 J^^^l J (j JjS^» <\SI jjjlull 0I j 
i(j Clil jjauSL Jsuaj CjUV j jjic. J Aj^jhnSI Cj^lS jSI Jj3 ja CjULull 
tjjljla (JSJjjj CllLlVjll till n j) ^al . A j-s > ^iSI (jSl^aSI I^Itn (_pal 11V 
AjL^aSI jIjaSI jl L_SjjL^all olj-a -l.V^.*t.ul ^\jtj LaJu£. cdljj to^jll t." \\ \\mr. -,\ <\ t ^"1 
CLlLL^al ja JJ^*1I Jl jLa 4 till j ^-a j .Am uoll (JJaliaSI J l^al.^Vhul jl AjjJJ^JI 

Jcj OJfiJI Jc bLaJC-l (jjj Vlg rtSI Jj3 (_^a lAjLikl Jujjj ^J^a JJC. ^Jyu^ajlt 
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Aiiixall (jjl^all (J J ' <T> \l ^ti'n taj ^ <aJlx»a Aiaa^a <_L>I (3-«J tojjjjdlalt 

4(jl_)iJI jUjI j H-jLujdjVI ^c-aL^Jj t4_Lxa-a]l ^ J <\ i r-i'i c-Lull dlUaiaiwa JgJaJ 
,4ixa-all g^La CLlltlaua Jgij V J -J*- ^ dlV j-a=kJ ^jl j3 SjIc j- - aJJ V IgifU j 
t j Ai JaJJ La£ IgJU^jJ jsIujj ^gjll jIjaII j 4<_L»JI eJja. <Uc jj Mxl\ dsLL^al j-a t a . 
^jSH JJJiill (J^aljj .ClAjjg-allj '"'^ i axJIS jSjjl£xa]| Clll.la.jj! plJ CllUlkLa 
lUaa-aJI fa^u JJ^ cCjLL^al jaII j CjLLIxLaII Ji L-i&j ^jJI j ;4jJj.j1] 

. 4jL.jj]l A^JLt-all ClAjLaC-j ClAj l hj VI j < ( ** 'V j ^ 1 1 a L *'*"'*'' ) La^ 
aJ .a > (Jj3 La JJJSJ ^ji ^all 4jjlLa ^^JtJUJ .AjjjJaij CllULaC- *.LuJI j aJAj^adH j 

ojjall <_£/Li. dJ-JC- (jj^J -j ^ ■ ^"'^ (jl Ijiaj t!)l*3 ajLu La lalaa <\; 

(jj^-a (j-a L_lllaJj .4 e>\\ B.jLiij <jJJj (^J$\ Jijfi^ 1 4jIj£ ^jjJ La ajla-all 

lA Jt\ 4*l\x*l\ 2-11 

ejlc ^ib (jjiiJI (_Lijll 4j1 jjj t^cjJaJlj t<L^)iJl j t( ■ iLluuVI (J^Ls (jj 
j! jjK J jk-a 4iLjal (jLaJ .<i)^a]l t-Sjj^all aUa 4^JL«-a ^ J jj\ dll 

^| jail cj Lj L3J& j c4ja^-aJI (^3 <J jS/I Cjl^a. jll t-iujjjj t aliaj .<lL^]l J ^all 
JojI jkl\ lJjS ^ JLjjLi ^ <jt,i.^i alia e^l& ia. jj .a^jLJI AjpVl 

(jjjLLa aIojujI jj *.LaJI t_ljjaiLa .4 ^jJJ ejj^aJI CLlLLuauVi ij^.^a ,Jja j 

t_lLluijl ^1 c.Lall <_l_ajoila (_f^ajj ;<ijjj-all ^I_o-oS/Lj <_^LLa jl CLllcUaJI 

J _o-a]| ^laJj CllL^jJa-aJI JojI jaJI ^j-a^J .4a*l^all eLall CllV-iU-a |»1 l^L ub 
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i_ul^. ^>\l 'i\Ssl\ jl i— SJjj^iill l_>jjuI ^ ( _ 5 jauiaji-a i_iljjaul (jjLiLa 

Clll Oxgall liDlgiuJ^l (j-a (J-aj^ ^jj ( . CjLauJa^ll (—SJ^j^aJ 

jjj tU^jjAJ c4j| j* f^J^Wj •S J £"^J dAjljiJI (ji (J-oj^ f^lj^ 
t >SaJ J- jfl CjI ji VI ^ t^U.™ Jj^jll j^kll jSI ^1 J 

lilliA .CjliaJaAll 4jLu^a 4iK (jx (_fr*Jj JJJ^J Aj^l » aSfll JJ^I (J^ (J^J^I L3J^ 
^ j jaj la^ia <S jkll kka all .4-11 JSjill La^auJajJ 4_}ljVI djl.ia.jll jjLlijjJ 
.Sjjij^all 4-oiijVI ^ £jLjo (jiiuoll £jljjll Uiu caj£&ll Cul Saa all 

JjJaSl j .i_flj*-all aUal (Ja.WI ljLjuuVI <j3ljAJ 4jlUa-a 4aJU all CjUaa-a J£ 

<UI j t_jLu*£U ^j^jjLojj jl Jr> uiaj a JO flllj Aj*jj><all JLjjIj alia jA lillil ^Uaj 

■jlaJ] t ajalall Sasl\ jA 4_uci^»ll Stiall jl .(10-4 SjSall ^1 £*-J) 

JjaJull ^LjJa 4 La t\ (j* 4-a^lill L- Lj > .-Till L-Jjijl t bJalll ^^jl JJ^JI L-lLjjojjVI J 

4 ka all <>uJa ajj.lall CjUojouVI <jJj ljL\j Aj (^ajJ V c*lli j! Ajj 4(_la.WI 




iljUuiW! (j^ba :iu±Jt lj j^all oU» 4aJU^ ^jJUaJI CiIjajJ" Ajaj^ii" dUu jj :4-ll Jii 
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in. — in. (jJJ La ^-Ijjjj I g jl ; > a3 ^jjj dsL^aa dsli LjSjjl£xa Aiajajll JjjIjiJI 

(jLuiaall (j-a AjtA^all AaL^aJI j-all (JljJ '5-11 cJSjJoll ^ ^jJajx jA La£j . 2 — 
^gJJ aAjjxJI ^-laj AjOxj (jfLy LlA .s^a. jll <aS l^JtijJ lilja^la iji^iu 3JaJ jj 




jffij (jLuiiJl JUjC 4^3 (jl JiuiuJJ Sjj^a (i) .IjSjUSjb i_iJajj JI u l LU I JxuJI <> jUia JUjC.:5-ll JS-i 

3 
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(JjjIjxjIj . (Jjol^LuJIj liljaj i" \\ i r-i')t\ dlli jLuJaS JjjIjC. £jjj^aj Ljajl ^»JJ 
ajJj£ iIiLaS ^ jV J^aSI (j* 4fu^>fl\l tlllaaall ajjir.^ 

^jljJJ (_5J^J J 1 1 ) i (_g^f"J ^.) ' "'' j-° A*jj-£X<JI (JjjIjiJI Lai .liljlj^LlI j (jjjil j-a 

.bjjj <_£ jjc. 4juLi in. ^Jj ^ in.) 6 mm ^ij 3 mm jjj U UpUaa 

i n - ^ m -) 3 mm ^Jj 1 mm jJ4 ^ LpUua JjjIjc- 

ijuj jj .(-jj^all al>a j-a jauill j Ljja. Jkjll *L1B jjc. AjSjUI j| jaJI ijuV 
Ajjj^JI 4jiJU-aJ| j -UjI J.^iuiU otasJ jjjJj a-ilcj jl£ jj ^jjjjJa j| jaII bJIA 

jAUill ^gjljjJI JbjiJI Ajjiiu j»jj .Xai*-a IjaI ^LuLic. a^.j 
^jlc j <3 j3 c Jlj jxll (JLujI j=o i_s jxoll eLva <k jj d, uaJ La. jL> 6-11 

<=JL-aj| eUoU <_s jp\ ^j j-a j te jjc. j ejlilal 

l_alOa-a <LJ jj Jxajjil ^Jc j£\ 4jLall J jaJI 4jl jj ajj 

2.5 mm L-j-oa CjLus ajALkll e^. jl! j . JjjxjI CjUjs Auu J ^jill ^usJill 
4-acLill tij^Vl JjjI >JI CjI.js.jj .(1.8 m 3 /h) 7800 gpm U jS& 4*^ in.) 

jA t. AjacXi JjjIjc. i-j-i^jj ^3 .aliall 1 . iUjou! ^^Ic 4j£jaj 4jj1j jj£j 

JLjjC. £a (JjjIjiJI j)A 4.1 \ n\ > n (j-ajJa jl c jLliJaaJI JajljC. j)A V-iJ <JjVI 4^JUtAll 
4 11 ■> ^ 1 1) <\ll 4,j uir.^U 4jLa^. ^C.lj JLjC.j t4jajljuail Ajl-a^. jLuJaS 

Ajji ^itll 'ajLall ^J-aS ( Maj 1 (;"il ^")^ jij^aJ 4j^.jJSia (JjjIjC- ^isj (jj .AJjjlall 

.ALjL S jixk J£ (_£ J 4JI jUl 
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Jj«»jj jjc uluajj i JUjiSl 5 jijv cX <-« cl*^ '2.5 mm <Uajj <jjljjJ JWj^ I :6-ll JS*i 

(Parkson Corporation :<> 4ia!>») .cjUia uJiU ^ ^J 1 * tP! ^"-^J 

jIjaSI <Ua£> (JjIjjj i— ajj^all a La jA ^J*^-j ^j^M f O^jjj 

a-llc £JJJJ V .JLjiJI (j-aaLij £-« LLJj '^l^l^JI L_fijj^a]l aliA ^ ajja.jAj| 

^UjJ j& CjUUi 4j j^ou jSjjj 7 lil c^lijijL 4JI jUl j| jaII 4_1a£ A La J jliuLa 
djljjijj ^ 7-11 ^ ^XjJa^All 4AjJ*llj aJjaJI 4_ia-\1I IaI .jI jaII aJlA 

<ll ja]! jI^aj! Jai till j J -1 7- ^ t Jj^j] - ^'....-i 4 <jL-all j| jaII 4JI ^JJjSJ 
Jojuj jla l_s j jja t"iVi AjjjiuJ jI jaII ^JljV IjJ^aj (I7-11 JS.uJ>) jg h; .^LjiiL 
j»La^.l ^jl jjj .Ajliil JJjS (JSjjIj A At 1-1 jl ja Jj^-J ^jjjJa jl 4j| jVI ajJJ J 

jjj La <Lj*JLj aJIjaJI jI jaJI 4oa£ ^ j'j^j t2^-in. ^ in. jjj La jLxJaall 

.1 ft 3 /mgd J\ 11 ft 3 /mgd 
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bUU i^UeUJ) j 4.'uW\ jUiall tfeljiJ CU ft/mgd — J SjJia Jlj^J"! 4jaS litjjjii :7-ll JiA 

' n 1 1 - , . . 

JM .2— in. ^i) — in.t> JjjI jilt CiUSa JSJ -UjjiuJt Jl jA CiLmS (1) .<ul-afl j| jUjIj JUjiJI <uia 

CiU»S (u) .4jLaJI s-lUIl Cy ijV>*»JIj Jfeu«jl»i! 4^u3 CiV>uJ ^iua^l iLjiLJ j| j^l CXuS k jlaill 

CiVj-aj kaail» GVj-aJ 2.5 mm j 1 mm jJJ Cib^S Cilj kctifl JjjIjxJ! CiUSil iLjx*!l Jl>«fl 

jUia Jbjc j»|ja>U Ait ilijud Jl j^fl 4^«S 4jjU jll WalA Jjjj .ijluaS SjUII (> CiV>»aJ! j Jaw 



.(Parkson Corporation:^ .4juu« ^Ljc J»i (> ^cUA JUjiJI JjS 

la £jl jjj ^311 djUaall CjIj AacUII JjjI jill (<_j 7-11) j^ki 

j) ^oll AjUII SjjjS All jl j cAJojuj jia All jlj AjJaikla All jV 2.5 1 mm jJJ 

.10 ft 3 /mgd 35 ft 3 /mgd jjj U ALjiJ jI j*1! ill J ^ jl jjj .AjL-all 

jl jaU j^qVull JU-all J All jl Jl Aiui-s.ll Jjjl J*ll Ji jll AaC-UH Jjuljill 
aJ A ALjill ^aoS (Jjx ^»jaJj JJ .(4-1 7-11) (J^oll J (_£jLaj jjL (JoaaII j AiL^all 

.aLjxaII jI jaU Alalia All jV »lc ciJ^J S^J^ 
jIjaII ja 4 alia n CjUaS j I ja. iLa Igjll jJ J*J ALji-all jIjaII l£_P>J 
ajLall AjjoU Jc j jaJI ?.Lall J& I J jj3 CjUUjll L-lULa Ja JJjflll £-^*iJ .AjjjJaxll 
.aLjxaII jI jaJI #.La £ jj j J^-*c- J ^Viun SbV Jalaa <i 8-11 (JSjjall j .Ajj.^it.II 
i_s jjjl j jliaJI ji^tj Iajjj Ajji 2a*ll j| jaII <_a ji. j >"ins"ij Jjjjjll jlj JJ » jij 
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Ig^jJal A 1ml la Aj^al jiaJI A \\> r^W ^1 _ysl\ (j«a oJIAjuj Laala jlijl ^Jj e-Lall La* i 




Jli yje g^jjj "oajJJ i<4« fUS iJjUII vj^I (jJJ iSiljfl ALjiSb AJIj^lt Jlj*ll <J«ij .lf»jla 

(Parkson Corporation 
j| jaII ^IbSj tiua ta jji > all ilil La all ^ Aia.Uall ^jll J clil£lall ^Vinn 

.(6 mm) IjjjSj d J^s^ ^-s^^JI slxa ^ ajL-oII 

j£*aj I " j ^ nl t» jau J j jjj i . A-luuVI alia ^ ajj^lxa dsl jjVI eifc (JLa ^-iSjj 
^.iVhin V .AJVI AjLu^il eLalt Ja ^i^Jj A"£\j]l ^ic. ^jUJI ^Wq<i\l Jjaj jl 
Igjli tClu^j jl il^j^l tlj^j'iKjm ( ftJaiall jbbJaill JUjC- £-a Ajailall <j^-jll '^Ic- 
AJaa^a .aLaaJI 4-Ujljl AfLbJ j<\» >i jl (JL^)iJI «La AiL-o-a 

li& (JiLa . AjjudVI J j-i?- (ji £xJajj (jl AiDljl] jfLaJ cAjjJ-al a Jjat i .o A^Jlx-a 

t (jl J i «a3 (JU^C ^^jjlaJI ^a-aJI aljS jAjJaJJ t (<4- 1 1 ci^- 1 -") S- 1 ^ JM^ (j* -^Alll 
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jfLaJ dua>J cAjtlals CliLal <\» <aj djl jjall jg^?>J 'LSjl _J^1I ^ ^>l jaJluL^U jjIIj 
.4i^j]| AjUx^a ^jj IaIu dulall JbjiJI jjc. i a^j^ail oLia 

jAkil J«a jil <lil ja^ 

l_Lml jj L_l jasJIS 4iL}3j cIiIaJjoj^. jA jl jaj ^Laj j \\ lJajJI j <\ * aJJ 

^3 jlj . ( ■ iLluu Vl 4£.jjoi (J jj Lajjo L_SjA^a3l oLa jA L_b » JJJ ^^Ij tOJgilJI 

(—UjujjjJI CllLilja. I ■ UjolI jl jfLaJ sj^xall AjsJIxaII ^ jjuiiJI lUj^I Jj^ 

4^ LaS tSUaJI CjUuJoJj ^mK^I Cj|ji>U UlfeJ Vtit ld«aJ 

Jaia. dlbtja. ^gi ^Ijij (jl 4 aJ LaS 'L^ja Ajboijj 4-aJJJ CJJjljjU IjI-WjI t ■ Ifm-j jl 

<jal£all CjlagjoiaJI <ll jV j*AaJ JaJjI CjIjaa duV. ^ jiiJ .CjlajJalgJI j sLaJI 

4j& l^JJjila. j 0.2mm UjUaal uUinp <L jJ^Jall tacUll JxjU lfra*AJ 

jx <C. jjla A£_ja3mO CliaJa j ^al .4j_ajJa*]| SjIaII jA <LajJaiLa (2.7 

(Jj) j-^-sH jAjJaijj . (Jjijlall j t_uS jjl] 4i^i <\\l AjJIaJI ^JLuJI j t AjsJIxaII A Irs t\ 
«4jxa3 (jlauS Clilj 4jJ£J dilj^. jj caLia (JSjj djli ijji n jj Cliljljp. AjjLw-aJI 
(jl Aii^sS ^aj ls'^\ (jjjoiJI (J^^)^ (j^y •'SO^ ^liUI ja. j 

jijjjjA jiiLjiaj (jijSj > '<~i jj£I jl (jJJ^jS jA 4 ajjall 4_j]jVI Clll j-^\l jj^JJ 

J4C- ( ^ h ill La Jjuj ^jJajJ .(jjiaJI ti- 4 ^ S^aaJ ( _b ul La £-Jj3 J j^. j £»a jl jail (_5Jc- 

1.0 ft/sec Ujja Ajaal ^Jz. JiaUj Cjj^j (-jUouVI .ijhnl L_ajj^ull Ajl^j 

Aj^ij djSjllj Ij3j-a l_Ujijj]L jjiaJI (J-ajU ^ ^ » aJ La .(-jLu^j^l <J-a£ Clul£ La^-a 
sjj^.j-a ojJjS frV j ^»jaj .ASIxaII AjjjJoxJI 4aL^all jI jaII <— aj?J <jal^ t^ji 4£. Jjoi 

itjiia ^lc.j Lj AA ^j ^lall jA jI _ja5I 1->. : i)^ i a£jsJI ojaLuia <LuiLuJI LS ic. 
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a j\r i A-\\\r a\\ ■ " il laa a IcjJjJu (jjuiaJI (J- 4 ^! L - '^^)?^ Jal-ajl (j! 
(JjULall t.nUH (J J& j Iflj.nl*. OaJ (j<4 *Lall Ja.Ai tlua. 4^1531 4j**all CjUI jaJI ^ 

UijSj 1 min ojia JaUua.1 j^aj tlil j j ajjiu^a S j^JI j jlaj J^juU iuo ^.jj 

a-iLall ^jic. c^laJ^U 'a jjjlLa Ajj^JJ ZijA ^° J ^JC^JI * JJ^I '-r'l^jl <_S-^ 

^aa]| jxl qa A j| jaJI aJI jj ^jj . ju^ll (J-ajll (—Ujjjjj Laiu AiLua 4jjjJa*JI 




CH^ 1 J-»>U £*> 

Uiu 4j>Ja*JI Jtj*S JoJjuj ialjjlt j> jii (!) .(>SaJI <> jM <fljjf J J 9-11 JlA 

iJJLiiH 4c.jAa»» i^AjUJ! j ^liljJI ill jjill jfJij (>iaJI Jjjll SjajI <>?.jU jJaia (j) .iul jjjll JujU^I 

(Parkson Corporation Jj* i> jj^x» ^jjJa. J«c ieUaj Jj** ^j) 4jjUj4£JI fSaoJI SajIj 

a-jlc (jj^J tdAjail dlljlja. Ijlj^l ^. .n > aJ (^j-^lj t(jjuoaJI (_J^^ ClAijj-a jj 
jjLl&La jjSjla (^jic aJ J^J-a jLiJI j (_Ji.l^ll jJJ (j}2.Jjil J j-Iuj dllij Aju^a 
Aj& jV ^taJI Ak. £-ttill ^j jui-QI '^L£j* J-^ '-iaji^ ^'j^ ^SJJ .(jl jaJl 
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.^»LaJI ^jjj^JI aLfa l-i i Vn (j;ia. (jj^ajl L^jfi (J-"-** 3 (jjjoiaul A qj nr. el _ag-a a^a^a. 
(J-a^)ll jLlixL^al (jojotaal aijlill ojall t4jjjai3 4j-aljJ ^^jl*J till .la. j ji.lVlin'i 
*La laJluball 4 j^j'iKj<\1I ^j-SLa^allj (jjia. ci-aj 9-11 <J^-"^I j^Jaj . (jjiajl 

^-Lola-all Jujj t j£^<dl aLau A \\> ^ill jIjaIS 4-al jjill (iLjaJj ^ j .<Lal JLjIjj] 

lgj.sle.jj t La-Vl 4jjjJa*]i J jaII (jjlauJ ^^iSj J3> ^1 j£>a]l <J 'icj^ 
C.ljgJLj <iajli£ ^ir j'nj < £-akll ^ (jjiajl (J-a^l ^ j i aJ Sjj^all a la* (Jj-^?- 

.(jjiaJI (J- 0 ^ £-akll i_£>La. (j-a 4_a_Ja <j£-aJ c-l j^Jij ^Lall-J 4j]LuJj 

ij-ajll <Ulj) ^ji (jjiLuia. j-al #.Lall ^jj JJC. ^jj^taj (J-°J^ AaJU^a jj 

elsljliajl (jj^ajl cJ- 4 ^ (j- 0 e^*SI ^.-^ djljaua (j-ajJaJJ . CIiIjxaJI 4jLta.j (jjiajl 
4iLjaj jjlaJ till jiaj ^glfc 4j£jaJI fljjat 1 all AjuA j^ll dll.la.j3lj c4_jjjjlaJI 
.<La s-Lall dlljjlj (jjiaJI ci- 4 ^ a joA-all t " \\ <t 1 .-ill t <j"i> fVi 

UcU Jal Cjlj^Vl jMu .Jt&\ j*J ^SaJ jll ^jjkll jltaJ! Jfej 
^ 10-11 J^l ^ SjAUill SbVl J .<>3jaJlj ^ J>JI jUaJ (/Jjuj l^-iSu 
t Lunal!! oja. j ^Vlin' .(jjuoaJI ij-ajll 4-aJU-a] ali-a ^ jj JUjC- l^-ila < '< J L^aJ Sjslj 
Ji-SM Jlj ^Ulj^ SjaJ AilaxJl y^J 1 ^ 1 * >» J-jJI '^J^ 

j^Js 4jjjJa*JI ^1 j-aJI £-a ^jjj^JI alxa i_lLaijj .^iLuJI I ■ iLluijVI Jaj^}i-a 
JLoU 3 '.'">J .^->IUJI 4jca.lj jSjJI Ajjkll t-L j . g^ll <au3 jjc. ^gicS/l 
elll^ua ja.^hn"! .#.Lall lI^ 3 J *UJI <j-a Aj^J (_^^i.l sjj (j uia \\ ci-a^ll 

(_J-a^)ll (j<a ^LuoJjVlj eLuJl ^ <\ 1 iu3 e-laJJ t^Ijil <-lllc.jjj lj Lal^a. eLall 
^j\_iJaja Jjoi ^)JC. Ig-lle- jafll aj AjjlA 4^^>J (jui^ll cJ-a^l ^JJ <_J a '-^ t (j ' n - ^ SI 

^gic-VI ^gJ] (_>i=JI lUj^I «.La3l ^ jj tll^au .o^a. jU ^jU.n\l Ajlfill Aic 
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J'>° ▼ J-«j 2r« J^- ,J ~ , ; J-oj-LJ Cikj-*- 




tjjjJk 4_»|jJ JJJ^ <>iaJI Jajfl J^ai uAvj .fUfl £jj <>iaJI Jajfl i iji.^H SoSoLa :10-11 Jii 

(Eutek® SystemsTh, Inc. <> ^l>«) -c^ 1 6>^ 

40^>-aC. j t^K jj^a-all L_Sjjia ( _ ? ic. I^LaJfrl (jjiiJI (J- 0 ^ 'S*- 4 ^ lltiV^ 
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■iljjjj 4jjj^-a]l ^fl l_Jjuijj]| jjjj (jjiiJI <J-°^I cJ^J . (jui-^ll J- 0 ^ ^-i^^y^ 
5J^aaJ LjJjij 1-11 fSiH .LjaUial ll^a> Xaj lgj<-a A&l 

jj .(jjiiJI (J-ajJI ^Jl j] (*?^ •^■^ C5^ ^iVu.n ^1 j tAi3J J J ^ jjiaJI J-«jll 

(J-ajJI <Uj-ai. to jjj ^ajj t_jLluijV AjjLoui Q al^Aml ^ ViiM .<UI jVI Cjl-la-a Ja-aj (jfr 
. (J-a^)3l li* 4_aJl»-a Clll-la-a ^l?-^l .11, Wll IAjjAj ^^hi'l (_5^lj t (j »* "*> II 

( PDWQ _ 1) 67QQ =6 ^j,j -a j ) (1 . n) 
ADQ 

(lb/day) <>2i=J jll 4^ = i>i>=>JI J-« jJI 

(mgd UJ^«) <— s^>j^I oLu> (— iLujuI = Q 

t-Ja j L> «iL S jji p jj l-jLu^I = PDWWQ 

^ jail L_lLu^l Jojuj jla = ADQ 

j^l CjUaa-* 3-11 

l—liuilj .11-11 JSj^JI ^jJa j>a jA La£ » jJjouj jl .laj 1 > Uj-JaxJ (j& <U jj-^a&a 
tj^uill t_ujljl £13 (Jllla. iAjLjll "ojiaJI ^1 t^LLjaJI j (jJoUall -Ixj i^UJI L_a^^]| aUa 
fiaUll (^SijLa JJ jVl ( iWl\l -s j .<jL^all i ^all L-Luojj] Uia ajLJI <JiJ L_Jj3 

^/l*JI Jak JLsc. j .1 Su>i<< S^Aai a\\ (_ JJjoiLlall (jAJ La c-LaJI L_l j , u U,. n ^^Ifr i<LkjJa-a]l J jir . uiil 
L-l jjoilal l Aifrj .4JjAj]I Lllli^jll »l llimlj t (Jji r . u' all JjS UJ^ (_5_ji*JI 

o^lfrj j i-jjj-all JajJak ^ jSJ (AiiWI L_ajj^aSI aLw 4iLiaJ ija^ll nil 

SaaLUI j| _aJI ^^ifr aUJI a^A ^ jlaj j .<Jaj]l "a jiaJI L_a^a3l aUa SjlcU JJjJjII 
tl^La <iLaJI ^3^J °l ' aa ^l UJ L>* ^-a^^aJI A^Luj^l j idlLajJalgJI AaA£1\ 
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^jaij-a (_5 jaJ ^^lll ill! alt ^ 4j_ajUil! dlla JJ-aJ! (j-a ^jUll ^^IsjoiII CjLluijVI j 
<fLj]l ajSail 4jb«ill 4iLLJI -Lalxj .^iaa-all J^C- cs-^W^' *— V. J ' J 'lSJ^Sj 

^3^5 4 a ^ j* > *»» l 4iiiLLa ^ "s. , lIAc-^sI 1& ^r-^ j- Aj )\j ( '* ll a > a all 

Jaaa (g^j SjilaJI tjjS jl ■ ■ laJ iAcju^t Sjjil<a »^>\1 La " 

t o^j . *-*\ \ f \ \ ^ fil^il ^ \r-- a^uu-sa M^L^) a^)3a. lafll 4 a 1 a al l J a ll ■ " a^aj ^ \r-- 1^1 a-v \\ 

jliljj L_S3 jjllj £^VI t_J jlli jU 4 1.1a. IjU^ .Lllia^l (>j jl£ jl j .^jaUall j 
(Jj^aSl (jjjiajlj . Jjjuaoll ClA£ja-a ojl^)a. j-aj 4_aaia>all ^jLulS-Lall c^DlgiaiVI j>a 
(_] ■}» ■ m l aI I ojj'l -^)JJ V (j' l^cjJallj (-jLljotiVI ^aJS (j-a <frj-aa-a (_gl dlaJ IplJ 

Ls ^\ JiLaia.1 t>sjjj 4 10 min J i^cLJj cAc^l 6 ^^Ic. a^Joa J£] 

(j-iuLull ^ij tCjUiklall oji^j j .30 min aj-ia ajLjII ojiaJI (.jj^l oUal 

.<±Lj o^_)ia <n > ^ JjxjooII oLlx ijji ul '1 <i j oJ^)iLa t " ll ■*» > ^-1 *i £.laljl j;lJ La 

t"lj^ 4_iLj]l a^aall ^ AjuJa j-aiaJI e_sjj^a]| ab-al oAilj dllauJa^a I . uajp j£-aJ 
(J jl 4_iL^>JI 'a^SaJI (Jj3 t*J^)a-all £jJa j] j .LljiiLii jl Lsal LjJja tSu J j-aC- (jj^J 
ajiaJI tll^la Jla. 4jla jll j 3jU. all <ull J j^a jll iaUall Jjlfr jj-iu^J 

jl jjc. ;<iUJI ajiaJI 4iw^aila Aau^xa L_ iSjj .^-?.Uia CjjlaJ 4iL>ll 

Ja_aiaa.j t ■ uA\ JajJaa. ^gJc 4jja)Lla CllLaLaj-^a £jJajJ . ^^SjjLa jJ jS/ 1 ^-!)l3!>U 
^Jalall -1 " ■ all (jj 2 M j. all aJ^)ila Cjla-Jaa ^_>j (j^-aJ ' - Ua J A^jJom cJujj^suil! 
i-_a^)A-all aLla £lal tilli j 4<ajJaA]| j t-_a3 jjll ^Laj^a (jAJ La Jaa. ^ ^g joiLui l 

^a^/l t ■ ^V>"u . (J ji.udl l <j&J *^ LaAic. Aaj-^-all ^>J& aJj^all t-j L^ u ij VI jx> 

^JJ .'aUail aj;ia.VI ajiA j£j ^1 jlj ^gla ;4ilaJI j <Jajll tilt jajaU 4iiLau> 
(Jjul j \t Wq")^ Ajj^lll ^»Uaj jl£ lijj .A^aiLLa <j£^alj Igin^ jj Juuaull ^JjlLa ^jliU 
^J^l jx>jJadJ .e^)iaJI ojLI ^Uajj <1 jj-a_^a -Lijlj^)^!! ^JjlLall (jj^J tj-alubaJ 

(j-a 4_iL^)l! o^)iaJI jla. (jfr jl _ja. J_ja.j jfr t LjjSj i^lll j T .i 'i di.i ifl 'sJj^all 
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(1) 5^ >>L>. j±t 




(juLa uIjxa AJa^JI SjiaJI iSJ^ L)' J-"^ 2j<j'.,,,M ; iliaj^ j| j^j iilxa 5 jiaJI £l jj» 

(jimi ci^aj JS i-ia^i <IibUu»Jtfl JiU. .iL^il» ijLj Sji*j .(jh.^ JjjIjG j iljUuu! 

<£*2»lt CASjsmj liiUJI S jiaJJ »JJ^a (j) -4jlajfl S jiaJt »Ujb jJiiaj ^Uutfll JjjI jU S j>ui (41) 
c-fijj^ajJI ^Jc J^ij^il iabuafl jjj^j ^ Lfc ^a ^L4wj . c-fijj^aj J£ ^ic- jLuj ^ Uw uaj .^Ja5 ^Lu-aj n^Aa uxallj 

(Ui jjijJIS ;ULuua ^ fUll ^ 3 laiU «fl 4ju*> j>mJI) .<_huj* Ijfl "UajU 
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ijjijlull (j at W\ Clll^itAJ .ij j<aj iilja»<all jl JjAj i_Lixj ^1 j-o aJojoiI jJ jl AiUa 
j-W»* ^1 ftLiLail 4j ja=J JjJ=^l ^ J Ui£^-a jJ jVI elUaVI J 

.JJaC. tlijOa. JLa. JjJU 
jj£j ( - n-s J ^LvJI ^jjj^all oLui ££j ^ ^La Wiinrt II oiJjll dsLijuixall i si") 
..sl-Wj^l jLL-La t ajaa^l llllclajb ajj j*j ^-X^aVlj t '«j)Vn\l Ai^jj 

(jliWI * jaJI J] Jjll JU>j]j Uijul jlaj AJaC.1 j tllUaaj £ ji^-a IfrJ^uua 
^jUJI i_£Ull <_£^J s^tiill £ jj (^ic iioul dj jOa. ^ .Lajaj .^uJoaI] 
^laoll £i^a SjIc. . Jj» «.Lul t _gi 1 <\g n; La ^ I jail 4^.Lows ( _ s lc. j t<auJa*ll 
p i ii jaj ' " 'j**- * jJ^jjl jn*^ J9i jjJ jjjC^ojJa j-a t jaaS dl^lj j\ jjjjuilj j-a 
<ixa-ttll •^oUaJjoil (^jic 4_i£ja1I llll i 'it <\ll J.}C. .Xaaaj . La^jjJ <iuJa-all <_1^-^ 
J Ja.WI (jS-ill ^ihr-Vl J^auall AjKII ^cjJall Ac-UaiJ tijLoij .c_jIWs7I JU>-a j 
ti_ iIauuVI eliljaijj c.laj^Uj .«La.^ll ^J^> <ajJa<o jj£I jj£j duajj tajjlaJjj 
^ij .l^.,,iij ajjilaJI CjIjJSII Ifrlj jt&l j! I!DIj dLkjJaAll ^g-jJiVl J^stll jjfL 
l ■ U^jj j^-aJ c 1 .0 mgd j-a (JSI iijjill I . lUmjl l^a3 jj^J (_gjll 'ojjiti^all Clllixa-all 

diUuJa-all jj^j ii ^.-.afyl J^.1^11 (jajjlL e^jVI ts^ Sjii c£ 'U^^J 

^ ftjulill CjIajJj ^11 j ajl i Cluiijj ^al .dllc JjoiII ajjiia jl Cjlcjjail! Ajjlj 

.4-5 S jaill f Lkill "jk cjLu=a- ch^j^LS A-4 i jaall 

(Illc juil! AJulj LjLLJxaJI 

Ujjjj i ^>"ll <lLjll 'o jiaJI j-a (—ajj^all aLw ^ijJ ^J^^ JAJ ^cj-^ <ixa^a ^ jSi 
jlc. JJ^aj jaJJ .Ac jjxi ^Llij jl (j/li. (J^J s^)? 1 ^ o^^- jj^J (_£-ill J t^jjLa jl ji. 
t_J jjaila j-a L^jjla* L-Lj j > ajll Aic #.Lall C-jj>n'u^ ^fLutluill jlxll J^Li j-a ^tjJall 

^Al aS^I A\£Z^\ jk.) ^Lu^ll jUI 4jj UiLJaj jll S ja=JI 

4£Liil ^ jl*ll J ja2 Jaa3 j-ajJaJJ ^Uaill dlUia^a jl Ijiajj ,|Ljjji 
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.oJ^ala 4-^ i >i.nl <— Lji ^iMI j t ■ la mil Ja j laa Jjaall <Ju*j 4 -*> * ^><\11 a jjaaII 
L-8JJ > ailll~ jLcll dil nV).n IajLucU «U^3tAll dil j WmII oiA jlfjcl O^JJ 
^jj dili 4jaa-al CjLnaOAll o^A tllklai-a 12-11 <_&ilt Jfr^J •A^.^^ll 













^„C= 100 


I 

1 




___^-C=140 
^i^- — - — ^C= 100 


\ - ol i i > ; o\ \ \ \ >v ^^.-^ 
/ ^Ui-JI^,^ V|\ Y\ 


^^^-0=140 

JV. — 3 9 .2 .1 oL^^o 

> .2 9 i 1 ols. o 




v^,^^ vsYv 25 1 ° 


L^^o 3 j 









AC j^ill <GjIj CjL^uu iillS tjjjxflJ - uLu^ia : 12-11 <j£*i 



>tirJ ^aaVI - tP^Vl Jji^ul! JW-<4 f^*^ 

Ls-lic- ^ jail ^jjJlall (—jLuju^I ^j-a lL«u Jl^-o ^ CliK i .nil Jr) *n (jl i ; i->j 

c-AubVl jj^J Uai& ^l/qu^ll ls j^N\ t-jUauVI (^J cs-lj-l?. t-JJjl-iVi OJ^j 
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I ■ iLlmjl (j-a AjjjS ^liLall l^jl-il 4jakj ("n*s i t." \\\t>y c-liujl ^T j'n 

t^Uajll jlc I— lUia La LjC _j-aa-a 12-11 J^*^ 1 " 1 <i * n J Oal .^jUJI Jjt uillt jloj 

.L jki.j tsjpa. L^bVl l** jj£ ^3M «UJ C = 140 -Lj^ iV 

<Gc.UalaL £tjJa]| jjfL LaAic .Laic 20 UjaC. .Ipa. LJJjli JlaJ C = 100 

jljlal cs ifc <jLua£U (jjj^sill 4-ajlLaJI j j£i j .Joioiall C1l>Ij]I CA\ iliaW 

^ cC = 100 —J A] >jj Uuj^ - Jiufrl ^laJ! 

^ la j aj 3 j 2 1 1 dlla \'rt<\\\ 3s*lA\ ClllajJa ■nW ^ la j ^ ^Jalij Ale Jjrnnll 4jakj 
JaiJull Jail! ta^A ^Jaliill ^JaiLs jjc ^Jj ^SaJ Jaa. JUaj .C = 100 4-ajii] fUajJI 
dlLna-LaJI ^1 AjljSLi Ja jlr^. ^joi^jjj tiilli J*Jj .AauJa-aU <U.}j«-a]l LllUjau-aJI ^Ic 
La] la3j c^jlaJI ^ > aijfyl jJxll ^LjJall tllV^«-a -Ij-laJ (jJLaj i<a*jJaAll "ojoA-a]! 

'"'^"< Jjiia JluU CjUuJa-aJI Jaxj j t^.^^l ^UjjVI AjJajll ajiajl 

^ 1— »\ 3J .lie <iuJa-aJI (JjV >Ti Jalii j .C — 100 4 aj£j ^Uaall jLcl ^ja^la 
j5Li jsuoij jiJJ Jaliill o^A (j-aj >C — 140 ^ *' ■» ^-a A \ , a}^x^s1\ CllLira-LaJI 

dlUla^laJt (jlc Ailla-aJI U jjlL Igal) jLiuJI LuJI ^jJall Cj^^t-a ^Sl Jj^aj] 

jiiiuJa-a ^laolj Aja.jj-aj ^tjJa 4 Irs A LuLlJ ^ jK'i 13-11 J^ill J$-^J 

^^Ic <_Ja*]I 1 (; IS aJ ( " J (AAjUaia ftjo-a-a dlUla la 44£.^)jaJI ojjiia AJjAj <ixa-a 
Act LlLoiVI (_$^J ^Jj j i ( a^J A£.^jJI j jaJSau ^Lu .Ajjlila diblauL (^jljall 
AcjjJI 6JJ»la J jVl AiuJaJI IjiJJ >L 5 _a^»all ^CJjJI %87 Ajjlixall Uiill 



795 



13- (1 cjpUajl) JJ Ajajll ajiaJl J «.LJ L-J jm'n Jj^jJ LaJJC <_L»JL 

JJ *U1! l^j^ (jVi^n tJiU ^U^^l ^Jol! jjUj Ijli .(111 

j-aiuil IjJ ijil S-U^ (j^J -(1 <— S3 Jj) -ijc AAjJaoIl (_a3jjjj ^jj^Vi (-Jjjuilall 

jaU I jjj .%100 U.hJ 4^ jbjLuoa c^-lijjVU JiU i^UuuVI 

1 jlliuJaAJI (Ja*Jj (2 JpUaj!) 2 fij AjsuJa-aJI (jH-in 4^Ltjj^L ^cjJaJI i—Ljj^ij 
tAajlall <cjjaill tlllj 3 >>y<t\\\ Jjllajj La.jjc. j .l^joiflj 4j=.jjodLij (_£ jl jjJL 2 j 
. JiLall <— ajj > ^cjJa J 4 alia a\\ ^jjoJI J^j^ (jj") - ^ > i— sjjj-oj ^&Lau 

.(_5jj^s3 Ac-jjoij CjLk^axJl <_Ja«j ^ > ^>^l aJ .n > <aJ ( . lL) i jj l (_g.il j tljjiaJj 

I^jIc-jj^j djl-Sn^iall ^jjjj-_aj (<_ll3-ll) JSj^II J -iffinmll ^gjLull JaaJI -iaJJJj 
(jj^J AjkjJ-uail J it 'n jj£ JJ 1 jiaj j .<Llaj]| o ji-JI J «.La]l (_UuilLaj 

4jj-a (Jjt, ilnll JJ3 lIiLvjJ-iaII jA JJC <Jal Jc- JabL-JI (jli ilgjlc-jjui Jc-I 

La ^jjoiL dll-kj >-\ei\\ t_fi2jjj i— iLuajVI CllV-ist-a (j ^i^l lj £»a 4t_Uj J^-J .Aj^lj^ajsl 
l ■ iLluijVI (jiali_-j1 «.Lul J ^jaJjliLaJI l—ia jjll j ^^ilSVI i"\\\t>y £--a1j •(jS-aJ 
JjIL JSi l_sjj-_-ij %100 j-a L$ JJ A->.>^><\\l 4-jIc.jjj (jlajiaj ^jj t J_J._3I 

SjLjjj eLaJI (_1 jjoila J ( bajaH ^LtjjVI 4jaJLua ^ajj j .(J_*|jJI t-lLuouVi <Jji«-a (j* 
L_a3 jjj La_UO 4^iliLaa jla]l <i> . >>,n\l Jjir, uS SjIc-L V 441*1x31 dll > >><i\l 4x. jjjj 

AjCjj-all (JA %94 Uj-13 <CjjaU 2j 1 jlliuJaAll JaXJ 43 AjLjJs^aW 

<Al3 JJ \ fir, jjoi (_j-a (jloiuJaAll (jljlA Jjjj 4(-_l jjailall ^liJj! ^-aj t^llj 
jj .3 ^a-JaxJI <— S3 jj <C.\ Salail jLjlaJj ^ 4U l&jj j . oflll 4-ajall (j* JSl 

4 1 £ Lw uU j CljLkjJa rtll ^jSjJ La ^ jl jjj <cl LiLail JJ J j& 4 '< ^ 11 

.4ia jj Jja-aj ^cj^all £JJ JjJt-a jjj La ^^jull ^laJ lilJj j 
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uj -14-11 <_&^ ^ jA U£ t^i&l J) UU X^>^ JjU 




(jjj JiA. (u) UhWn Sj>^s (S) .LJ^I dLm jijl 4*J>I j-i <Saa- :14-11 Jti 

4 m! _jJ 34, u .1 Uiaia j^iaj iakL* (j) .JJLiifl f Lul ^4 Jiljl! jajill 5 jaa (^).ii-JiJt 4^2 <ji Jjuia 

(California i Woodland <ji j >-al! »Lw 4aJU* iiaa-> 5JaiSI> 
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jl-iLa jA (14 - 11 l!^") £(_WI t_ljjaila j ' . ll J^"' «aVI ^ ">.)"''' <§J^£ ^jtjj (JpUajl j 

4<&LkLoil LS *^L 4-kjJaJI Jaxj La^c. lillij tj^^l (jajjll ijaji. J (3a*JI 

4^ La£ Af.lku.iVI JjJ 4_! jp.id.all ^ijjl jlfl .SiUall liEifrLj Jfr! j ioeliS JjJaal j 
jla ^JaII <iaaj jjJ la c_J jjoiiaJI luA lil Lai .£*.ljjJ a«.U£]l jl VI 

>^-ifl\l AjLaadl £3^)11 Clllclajjl ^jIjjj .<LkjJa>aI3 oijIjlLa CIsIcjjjij ^LajaJlj ^tjJaJI 

in. o- c^jil! >a SjLjJj ^jj t (10 m 2 m) 30 ft Jj 6 ft cm ^ M jUI 
SjJSL. >S11 ^USj .^lii jVI m^LuIU (3.7 m J! 0.3 m) 144 in. J\ 12 

(J^iJSI (jl (jj^J jljj.ll] j£-a-a (J^a-a 4£.jajj <Jj»iaal (jl .^LjJall Lluil £-a 

jl ojj^J i—JljUl ^ilml ^JJ .Jimfl ajawsjl J c_l]jll| Jjvafr J& L_sjj^all oU-a 
t_j]_al ^^A oJjLall ojj^llj . ( S-^ jJ ^ £• i Jj A '-r^J^ t JjLa j$j CLl^Ij jl jJJJJ-i 

jtajj .i_4jl3l jiaa Uj^a ijlal Jc. aj] jL 4iLou> jjc. 360 jj.sj 

i— JjJ ^C-i Wiiiil jli 4jaiij jkall (_SJllj .dlljj^JI JJfc fcjljjj t— iJjUl L-SJji^aJ LlLoiI 
.Sjj^ll jl <C.UaU (j* %80 LjjS OJj^ll jLu 

4-11 

4jjjIj jl 4 L Lj i u " diUI ji. J (jjjjjJI Ullc- ^jtJJ <_5^ J ' . 'J 1 " j"'^ jW-^j fAi 

AjLall i jJI (Particulate) jSlSJ ^LajuJl 4jjIa cJj^I s Ua Jc h°iUj dj±a. 

J j jJj^JI CjU jiajJaVlj L_ lUuij^l ^Uaajl t ■ nVl\ j .^jLt-all jc- JL-aij^Lj 

jlj-aJI L_ SJjj>^aj ^laJj . (_>njl >") « (jS^ <— jLiuijl (j-ajJ (J (j^-iil! alia (j-a (_>iajlill 
jll (JjJ^Sjj ^-a^kJ aJsuoiIS ^ jSjj . JUjJI ^aLal C_ si ^a-a JJ (JjLoJI (jLjajS ^-a AjjUall 
^IS J ^T-aall Jaj^)i-aJI j^j «.iaiJ 4iaij!La]l si aa SI liJ^iJJ . jljpJI ' ala o^)ia. J 
J jjj jl 4jajilall si aaJI (J ^5-^^ Clllaj^aU (j^J •^- a ^ "Oajml jj jl j^JI 

(J^a-a ^la-^l -Ij-^J jjl j2 jj .A£.^aiJ oLa^JI JJj^ fijle-V 'S}^ JJ 1 ^* 4^^^ 
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SlC jljaJ (JaC i( C5 ^JaJoi]l L-nmjp J-ixxl (j^ajlill L-jLjoiJ^I J^a 4 AjoJI <Uj-aa. 
Jajuojlrt ^ U ■ c-iluojjl! (J^aua L_ S^)*J ..laliia.^/1 j-ajj tAjjjl ail jlj.lail 

Jiu 4j& I JJa-a jl jail 4_laiajail <a,luna]l LajjoiLa ,-A jJI (jlajlill L-lUjouVI 

.2-11 <LUxil jL» <J*^» J^) £JJ* L&J fjJt ^ 

Aj.^MI ojia jc jlajll tJ^«-J 4jljail "Lia.l.}]l jlauVl -I laljJ J *LaLquil ( ■ UuaJ 
(jj^all j-4 (_>iajlill i—jLluuVI "^f-a^ <_Sj^- JUJ -' J jAjjJ! (_pal ja.1 jl 4j jS^-all 

jxi j* 4jjajauil aLoail ^a. jl lj]oj 4 ja.l.l]l i_i^all aLba (jSJii] ( _jjaiLuiVi 

^ j£ jJj^J o^lx-J AjjjIjJI i_Ujuijj3I ClAjl ja. jj^J 4_jl jjc- .Ala^o jl jail 
<Ula. (eAj fUajilall oLaail JJj-^i ojlc-J t*Uj jllLa j 4jljail jxl j-a jjluil aj 
.jjjJoll ojlfrl i_lluaj| <la la. j jLa Ja.WI L-jUuij^l 4£jUil ^-h^li\ L§J3 ^ jLoJ 
JaWI t-jUxiijVI ^iVlwAj ttJ^jUll ^jLuujVI L-lLuiai £jLaJ (-jUauVI f.VVii.ij itilljlj 
.JiUoa.V! t>j L-lluiai (jJj.£ll ajlc] j"-^J ^ill j ) 

Vo = Q (2-11) 

A 

j^fl jjllc. t^^^aiajail l_Ujujjj]I Jo*-a) (jjajlil! L-jLjouVI -Ljui jla = Vo 

^ jjJb £}Ja jl« (J£l <J*^a J^°l) ^J- 4 ^ (J^ f J^l 
^jjlL 4j*fLs jllal) ^jJI ^ (jjllc. i^ajA\ <\ > r->")\l (—jLujuI = Q 
(4juj* jtlo!) £Jj-a ^Ijfll 4 jl jail AjKII AjaJajoil ^aiuuil = A 

iJaJall (jSJoll L_lLuajl ^gic- jl jail ^aja. aj . oSj J!ila. j-a ialija-VI (j^j (.Un^j 
J^uaj jljail j»j^il (>jSl 4\jJ^c. j .3-11 <I^U-a]l 4CjIcLuJLj AjtC JiaL 

^JiC ^Uil ^3-*° ^ U^3^' .^»J-<u^alll I ■ ^il£-a ,_jj^lai<i 

I^A j (j^ajUll t-lLu^j^l Ojoi 4_a3 olajlj jl jail jsei qa LulLa Aojjlail jlj^ajl 
(JjjWI jaSj^il qa (_J^ t (Jxall jc gjLiSI ^LjaVI (j-aail .^fhnj 
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4a*£a JaJ) ^Jai JS1 fJ J J CjU jllill AS«J 4jc \ j»L t AuJl Jsfi JjUl 

V 

t= 24 _ (3 .11) 

dil&LuJL Jiliia,VI t> j = t 

jliaVI jjJJ^Lo) ^ jail diljjlliJI (jjj^Lo jJI f J <\ > <alll i . iUjuu! = Q 

^ jJLi dlcLuJt j^c. = 24 

f»UJ ^ij^l oUa JajS .^LkLou. Ulji 15-11 JLSB j*]oj .AaSjVI CjtfjaJI 
IjL^a .jl jaJI CjLjUjj (J^a.) jl^lal (J Jc- j ^JojoJI L-JjS CjLI jill qa JJC- jjC 

e.La]l tiJj^jj .(JLoiVI j^-j * ; iLuajVI Ig^j^s <_Ji.UI 3^-^' Acjjjj t <jqV'n jj > 
Jj^jjJI 1 ja He (_3J^ ■^jUjaoOJ AijlLaJI Ajlgil! qa ^jjj^ajj (j hq-^ ') n (J^t-aJ 
^jfc (_5J«-a3 ^1 4-a£lj!la]l A Ai <i\l ^1 j-all la uj£ ^>JJ .^-IxLaJill (_^aja. (Jja. 

<luiluiJ aJojjjx i^UiuuAjll jl j-^a-VI i ■ ) ui - ^ II a£ji"\a aJojoiI jj (J 

LjjJ ^^juaall iajji-a]l (j-a oLa^JI ( . la i a ^aJJ c4 iiuba <Jj^. <— SSjJ ^-J Jji 

Uib tc.LaJI ^Jojuj JXk <£jaaJI C1jU.j^1I ^ (Jj^' 'W^-J^ 

. ^ j^jJI ^Ul ^ la£\£. ^gJj AaaUaJ I jaJI 
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CLLJxj tjjjJl CiUJu JjjaII Jitjlt (jajjJ! AjI^J <> Sjj^a (!) .Jjlaiuw ^ji Jjj* : 15-11 Ji^ 
El Dorado Hills i jJl jjjJI "^j 4ilaia) ti j^all «U» iaJU-» ^ *M jA ljjjI&I Aiuij t »LaJ! 
i»Sljl»ll UuaJI jI^I SloJI £b. L^Sj .JJaiu^l Jjj*li J\£> jM- .(California -WWTP, 

ijaUall j| IS'jzlA dUj^l <> (|jk!l fjaJI £2Jj .JjjaII ^1 Jiljll jajofl ^jJ <jjajja.il! j^ill 

jjjiu jjC ijjJI ^Ja! SlaaJl iIiIaJjj ^vml diUaa^! (J^j J . jiJall <Uxlu! jj Jl jj uja i J^jit <ji ja. 

JjJJ! j SUaJ tjjjLii <jJUJb 4Jjlc ijUU^jII 

jijial Jc- ^1 jJojoiI t_Jjfjl (jc- sjLlC- L^J^ - J 

^)JC ^JajJI J 0, ^AaJLall i ■ iLmlj cUl j5Lj jl LjJj (_^a_oaJI JjAl La-lic j 

jljiJI Jjia 4juuj jjlfjj .^Jjll ojia. c£^J Vj^Vl (J^-^ Jj 

ft 20 10 ft jJJ La O^J^ 1 C ,1:5 1:3 U£ ^ Jj JjWh.iJ 

*8ft Jj 7ft Jj^j Sic jjljj .CjU jJ! iiLaV UaS (6.1m Jj 3 m) 

ajSJ .Jajja-J alaaJI £-aa aUuL t Jx« jja ^tsl! Lai .(2.5 HI Jj 2 Hi) 

.i'lliiirt ojia-a <Ln-aj (Jj^al jSJ llAaj^aJI eLaaJI t _ mj sLaaJI CllLiuJsva 

CjISjjaII J a£ljjlL aLa^ll ^c-ajoy «4jlai3L tjjVVill (jja! j^Vl j>^'in'i V La-lk-j 
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(_£j3a-a t_S^)j^J . eLall l ~ J) CllLajJal^Jl Jj ajjlilia liSLiA j-a ^cjJaiil 

LaAic-j .aLaaJI £a ^ Joj jl AjJI j£-aj <"lj">,) oLaaJI dllAjJaa Jj ■Isj^ (JM*^ j i ro 
sjii. J oLaaJI CLlLkjuia-a jl < . laJ Le-lic. tjjJajVI CllaJ (JjISjjaII i-_1^JJ 

( xjJa jj tSjjUl CjUliaJI j .UJc llltjill fSljJ £-La] ajlc Jaij J <aU- 
I^aLLs 16-11 cJS-klll laJ .AAaall (j-a IgJjl ^".1 J^J J^ 3 ) (j"' *3 dll i >t<\\\ 
<La3 J 'il jz. ya ClsLI jj jiC ^LaJI L_s^>j^a3l sLw <Ja..Si .AjSla Aal jl dllSj^-a] 
Ojoi Jj LjcUji (—iLuij to jiaJI "Si JJ iS^fij*^ J J^u5S\ ^J}&\ 

j| j-a]l iJjaJ 4£j^JI *• JaJ ^1 jjJ £-ala. p jL JJC. L-llijaijVI £-Uaijl 

. jl jail ^)*S J eLoaJI ' - la i a £3 _a^s j^j Jj 4jjoij1a1I A \\> r-i\\ 

aI^j^Wj AaaUall AjL^JI jl _o-all (—Sj^j^sj ^laJ .w]| ^»Lal Jja.j-a Ijuouo ^j£j 

j^isuJI j* ^jjJI ^Ij^U Al=Ju a2oA\S. ^ jij .jljaJ 4iU. olajLi 

jUail ^-jljjj . jljaJI jljAa. 4JeL}-a ' ^ (jj >l ''" n J ""J^ ' 

V«u jUaal J Lk .( 46 m 9) 150 ft Jj 30 ft j* la AjjSIJ CjU "yA\ 
JaS j-%20 J] %15 AjJ£>*1I S jiaJI jiaa ^Ljj .(60m) 200ft Jj lU" ^ 
2.1 m) 12 ft Jj 7 f t j£ U ^ jljii l_uI jaJI Jt »UI J-c U . jl Jill 
. %8 J j^j ^lill jj^J J '(3-7 m Jj 

Jj I Jaj ilajjJaj I J jJla-a (jl£-a3l (jj^J Laiic. AajLjo A LLli n^ll Lllljl JjiJI jj 

<jjjaus jjai!iLjjj j^jini^L <S^iJ-a CllL^jJ ^al^ijjail ^^jll oij^aJI 

La_a-aC. ^JaSJj . iiaj ^a. Jj <ljjjjJa\\ 4jl U^ill j^s tf l.^iW JjUll JJC. jill jx 
l^bt Jj I jki .S^JI CjUUiV' J ^iikLo^l (jilja-Vl J& AJJ^I^I O^ 1 ^ 1 
4-aC.^-a]l j j£^aJI j-a "ojl^all ^-aaJI Ac-jjl ^J-aJJ .4jJaiklall L^ljLi^a <iKjj jma oil 
•> » \l d lUll J j^. j-all t*llj j-a (JSI <£^aJLa «.l j^.Lj 4<LalclJ jl j i aa J Laj 
(Ji.iall ^jc t-ll Ja^aVI jl j-a ^C. j]Uj . 4 lj Injun a II jaJI J ja. A jjuiall 
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(jli (jjj-ail AilLa ^j-a ijSJx >^»^l <J^I.JI ^Jall a^ia. i_alk (jjSj 

. (Jj Lj > n A tj\j^ ^J^j ^HC- -3j-l*J4J 4ijtLa (_JJjlj W a " <J -i^ - -ij-lxull 





JjjaU »j>-a (i) .^ajUJI jaUU d-uj CiUlcjj ^eda J**2l«j tfj** </ji <jjj- =16-11 Jii 



Luis EPA .4j5jSM Ljlaj^all ^ 2-11 Jj-iaJ 
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BOD —IS <SI jj jji^JI CjV >a*JI a^A ^Jjj jVl Atl.^SI J jaSI J JJ 

t.nuijlll 4akla jj .<jk-J i-a^aSI aUa i—ujoijj jjc. %40 ^] %30 Ujja 

aLlA dl jlaj I jla .oUaII (j-ajU^xi. ( _ s ic. ejjj£ <a>j^Jj ^jl-illj JUu*J lajaalall 
— II Al\ jj JaJ^j it9 t4j|juSI AjjjJaaJI J jaSI j>A ojJjS 4ja£ (j Ac ASiXal\ ^jjj^JI 

^ ^Lou ^JiJI Ajcli^xll Ui^^SI aLw jla Jj^J^j '%20 j>> la <^j BOD 
.a .%60 jjJj J^y Jfl ^ j^ij BOD —SI 3JI jj jjJj J ^jill Alia 

,_K3jla CjV^t-a .A-aSI jlall sla^JI ^jio Ukajl jjOl^JI *1 jasJI Ji^j 

2-a jljaJI j*i ^ jpuaSJ AaL^ll i jA\ Jjaj 4 (m 3 /m 2 ' d) 600 gpd/sq ft t> Jal 

800 (^Ic- JJJJ CjV^t-a i.llmTl .^aSIjOaSI alaaJI JJO £.ku £-aI=JI ^Iji iilj=kJ 
^gJI 4iLiaj .aLaaJI (iS.uil.iU ^LaJ jl jail ^ 4jflS JJ-^ tlllS ja. (Jjj^aj gpd/sq ft 
j^AJ call j AjfLJ jJ-ljA 4jjA2. ^gic. <UI.S A-a^ilstS 1 LiaJj jj£I <_ajj^a bIas. i_)fL2iJ 
bjj3 (_£}La. ^ jliJI (jajall ejjf^c. a-iljjj all j AjSJjjJjA a! ja^. Jj^j jjJ-«J 
.WL) jl LjaJ j£-aJ 4ljla ejjflS "aLa^JI laia, jj .Ljjj^l bLiaS ^ * aS^I (-jIojouVI 
^jjj^all aLiA £-a I^jujujjoI <ixa^a]| (Jjl ^j cllLAlSI t*Ojr.) |jj <x<ali. '(JjJjJjSI 
4 lIiLUSI ^ 4j jjJaxll ^1 _iaSI (JjIsuj j» jl ^^iiSI ^» <\SI dlL jjJaxSI ^clii • 

Alk^aj p i S I #.LSaC- ^gJ l jS I J 2 „ j „ i 1 jK IS JJ^I 4jl»-^ll jI^oaSI (_J»^J I jlc 

^j| jjj Ajj^aJI t^jS JJjSI -SaUiulS aOjOjiJI <SlaJI JJajj .4aL^all jIjaSI JJ^JJ j>-a 
tllliljaJI iJjLoJI (3^*S j^-aJ .^j^j^iSI aLiA jjj A-aljSj cAaaUa "eLa^Jj cA^jjS 

jl jj^J jSJ j j£a-a ^itJaJ Oa. JJ^I ^j !>UuJa jjSj jl Ij^jiKjo AiSalaJI 4aS jVl 

i_ulj=k ^gJc. pLaJI (3ac. ajLjj jjAAj^xaJI ljUa.1 ^jL .(2.1 m) ^»l^al ft jc- Jl 

oAc Jalala.VI j>A j jiiaj V J .<U£I jlaJI aLaaJS ^il^aj jxaljl liUi j jl jiJI 

jjA USjoi CjJia. Igil ^1 Ijlaj c^WjjjSI djlajj-all ^»l=>ja.l jLni.V «JJ^ 

jla tMlaa .4-11 al jLuiaSIj J-la-a jA LaS (3a«JI J L >ajUSI l_jIWsV! J-^-« J^. 

.2.1 hr ajJ ialali.1 ^yj ^^Jaau t7 ft t>a&j 600 gpd/sq ft aj^a ^^la J^a 
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p\A t(JjaA\ pLall = H 

gpd/sqft t<>a5Ull (-jUjouVI <J.a*-» =V 0 
7.38 gal/cu ft x 24 hr/day = 180 



^u-uLuil tlil£jj*3 AjaJjaj ftiAudJ (jjt jfl :2-ll JjJa« 



gpd/sq ft (^jj- jio ^jJI (jjllc) (jijliSI ljUouVI 


o J jilt 1 _ ll unit 


Jg nitt t ■ it iuiiVt iajoijj-a 




3000-2000 


1200-800 


EPA 


1500 


1000 


(5 jLa-« 


1500-1200 


800-600 


4jL-a EPA 


(ft) Jj*l\ l^j* J* ,U (3^ 




13-10 


EPA 




7 






16-13 


A^j^i XAj^g jl j^i EPA 


gpd/linear ft (^jj- ^ J£] ^jJt ^ jjllc.) Ut aIj^. 




40000-10000 


EPA 




10000 





(125 m 3 /m . d) 10,000 gpd/ft CP ^ J£ V1 jVl cAjljill 

20,000 t> jj^l jjS VI S^kj 't^j c> j gpd <jj^° 1 ^ djUa^J] 
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(j* tiao ^jSII oiAj .1.0 mgd (>» jjSI ^xaL^j l-jIu^V (250 m 3 /m . d) gpd/ft 

4jj<\^» oil jl jaJI 4ja£ <_J*-?J tdljj t£ jliJI (jSJaJI ^joi ^ ^ill *-IaSI <Cjjoi 

.^Vl USa. aIIxaJI 4jLoJI i jaJI Ja 
J^laj jjij Jl 4a3 jVl CjUjjaII ^ AaLaJI j| jaII Al\ jj J;LaJ V 

4 il > all jI^jaII (j^ajl i J UaLujI jjSl (Jj tjjiLus (J ^ ' "J (jlajlill ' . iLluij VI 

%70 <J£ U ^j^J 4jj1a1I AjuoJI J ^1 Aaajukjil t_jjUJI Jjj -uLaII 

1500 ^j 600 gpd/sq ft U o^ 11 tjlu-ftl J^*J JUa ^ t%50 j 
.(61.1 m 3 /m . d J\ 24.4 m 3 /m . d) gpd/sq ft 
.(102 m 3 /m . d) 2500 gpd/sq ft J\ b j*^ %50 Uji a!\ jj S*li£ 

.4ikA3l 4 aL^II i jA 3JI jj j^iajJ LpLlAJ^ I^cLoia 4^ala]l a!\ jVI 

MjjjiaJI oil CjLjIaC. ^jlfr 4jL<a]| j| _ja5I t biaa] AjjUaSI ai& ^.iVun* 

AJIjVI Lid ^.iVhin .^jjjljJI ^sJUaII Cj| 

Aluill j i4j.ll.laJI ^J_^ l>» <-£ J-«*J jVl 4aJl» oil «.l J junVil <A,Vqioll <A jtfl 
<frj^. (jjuiaJj .4 jl> II j| jaII ^LJa^al j jjSjll jjAII ^^iijaJI (jjjll I— ili CjIjjaJjjII 

0.15 mg/1 J\ 0.1 mg/lj «4rtM t> 15 mg/1 Jj 5 mg/1 l«J ja 
tjjLni .%90 jt %75 Jj %50 o* tfLtfl i jJ <!l jl L^ac t 

L_a!Hi.VI t. i.iui.i t^Ula-all <aU1I Al\ jVI c«U2 LoS J jj£ UjUj Ignlr.Uj Cjl jj 
.(_3jja1I (_>iajli CllV^«-aj j^SjIIj t<jL^all ^IjaII (j^ajl iiT-t J 

1-11 Jll* 

. 9 f t 1 <i(S j.i'ila. LS lc elall (3aC- J 95 ft IaA jUaa! jU3 jl ( . n . ajj lil ji 
((J^jUJI L-lLljaljVI J^tA L-Lui^l .^jjjljiJI 1^J^> (jit o^jiiAll ^-jLiJI (jSJiill Jj^joi 
'10.0 mgd OJ^S " ■ ._ll-l..iijl Jaui jIa (_J^.I (_ja JjoJI 4J_ja^.j tJalali.^/1 (JAJJ 

4.15 mgd o jia Sjji (-jLuajIj 
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2 nr = 2 x 3. 14 x (95/2) 2 = 14.200 sq ft 

14.200 sq ft x 7 = 89,000cu ft 

= 0.665 mil/gal ( 2. n) ^\^\ t> 

V 0 =7000000/12700 

= 550 gpd/sq ft (yr-^ l?jpQ) 
V 0 = 14,500,000/12,700 

= gpd/sq ft 1140 (Sjji Q) 



(3-11) SLUJ *JaJ 

= (2 . 0.665)/7 = 2.3 hr ( l f&c\ <j jxA Q) 

4-11 aLUaII J^kloib t _J aIuj cjLLoi^jj 

180 xH 180x7 „„, 

t = = = 2.3 hr 

Vo 550 

: .wll aJj^^. 

7000000 



= 12400 gpd/ft 



2 -314- 90 

^Smja^\ (jjj La jl tAjjVi'l'^l dlLauaij-ail (jjj La Axil jll ' . 'J'"j"'^ <— lL! Jp. 

J j .4_ka> jlaJI dlUjjJt t<k.jJI <jjLu <Jjj\j 4_>1U.« (J t4l^!HI AjjJ^JI <Jj^lj 

^Vl JaJI '1000 gpd/sq ft (41 m 3 /m 2 . d) u^Ull ljLu^VI J^-a jjL>L 



gpd/lin t> Jsl uj^ J ^ j**> j '7 ft jlj^ <-ruL> ^ i>«*l 

i> js! J $ J 1 mgd 4^LkU cjli ulU «13 10,000 ft 

. jj&I cjUa=^il mgd 20,000 

Aj^liLil djlijj^l 

4jI jVl CjISjjaJI 4_sUo (AjjJaJ CjU^jaII ^Jj (-IIjujjJI (jil jaj 

diUaijAll AjjjUill cjlajj^l J AjuUJI .16-11 <_&^l J ^Ja^JI 

<33 m 3 /m 2 . d) 800 gpd/sq ft <>ajUll sV^ 1 J^*- JJ 1 ^ ^ ^ t 4jj]a&1 
J luJI Cj^j^j (7 ft u 1 ^ 1 4^ t>- c5^ ur>& ] ^ J 

tff jjls. i-nwjS (>> ^j^Ji j] .JaVt ftiall Lu) tAja^ jlall llsUjaJ] j^A 

(j-a t—fij^a^allj JjjoJuaJI (JLi-ill jl 4(_£ JJ^JI j-aill J* L^^aSJ ^ul^a Jj 

4-a^ljl*]! A \\y jl j-all kjj&j 1 * ^ •> Icljj (jli itiUilj .4j_a£jaij 4\c^juiJ 

^ LaxJ jl j <\"i i ii ^ (JSjjjJ Lji-jJ > sy*\\ ^Jaj^i-a]! £-akJI aLajL 

At Jj^aj ojlc (_g jliVlll ^jJuj-all J 4-a£ljia]l aLaaJI (Jj-aC (jj^J • 1 J > ^i^a 

dl<aJ jlj ^gia. j .(jl^iJI ^)*a (j-a jj^all 6-Slc-j i . iLluul L-lauo) j] La J 1 " ll iVj 
ft <iu)JOa1I 4jL^all ^Ij^JI 4jL2a jjLvjj La lj.lL 4j\i tajalL jiij-a aLa^JI AaL^aj 
.4 lajuiLall aLaaJI A <\lViV L > ^r^ ^ <\ > ^ 17-11 (J^-*-^ J (jJJ-aJI LSJ^)* 4 ^ (jj '1 
Si jg-all 4rtlV&l ^ £ j jaA\ JjLuJI ASLuall 4jj^JI CjLujLI] ^ISSl <J*-aiSI J 

ALsL^ .iL-SjL 4jajjLLall aLa^H 4 ill ~* II 4-1 j S I ( Lb aJJ 4 ^ j » < ^ 

^jjSo-a]! ^L^jVI ^jJj Ljj^- t?-J^J •^V' 1 ^ S- 1 J^J ^-hc-J^ i— ll Aijii. 

ajj£]l jLul Jj^jj J .ajjiu^JI <JjJaJI CjLua^jll ^^a*J ^1 j jUll djl&Uil 
liUi j 42 ft 1 ft 4.1-1 unJ alaaJI J^ail ^Lp Jji. J 4-a£l jlall 4jjjj1ia1I 

sLajJI (.Mat. iLaJ ta jjiJI Jj^^'i Cliljja J!iLi.j . Ola. J^oiu lI""" 4 li^> ^ J 
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\ja\ (jj^J (J?'^ '(jt -7- *»■ t ellij (joj La (J'Xjl (liilj i^ya jaSI 




i.rvn tjojUl ilauiljj 4iiuu. ^ l SUaJI ij-vu* ."LjjJaJI 4jJ$jJI £-» j»l lao^ii j u^xa ^jjIj jj>» :17-11 Jlii 



Vij-s (jjl^Lai! ^liijjl jajjJa ^)Jfr tL-lauoi ^-Sjfjl <_1^ (j" 0 

I jS^ala £ jLkll ^1 J_^J jSLai t_l jjjl jjfr ^-^Ua^l ojia. ^ 4ji!a^a]l oLaiJI I— lluUJ 
^^Ua^/I a^ia. (jjj 4-a£La-a ojjata. £jJajJ .L_ajj^aJl aLbaJ (Ja>l.}]l (j^S-Sill t_j_afjl £-a 
L-Jjjuij (JjAj £-aLaJ! £-a o^)iaJI (jljJ-lJ ^ . A '.' U La 4L_Sjj^]| al_La £3j J 

— oLaail (JjJ)- 8 — c3j^° "*J° L a J LliJI at laJLaL A^jLud-a Llll.la.j (jjxjj^a-aJI 
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4j_j£J ^Uaj Jjj- u ij J <Lal& (JjSj A &\<n\\ Aia-uus a.la.j .£Jjxu 

J-a ■ uJI ' ■ Ujl jl J tllnfta. jJI SLaaJI J i aSU lIiLJVI ij^l IsSj i!)l!La<! . * (_S 
J) 4jLAa-all oLaJI jUj .(^s-aa olaa. Ja Jja-a JJ C-SjaJ jll j J3!iVl AjLall J jaJI 
.^lill (>a Jll 4-il..all i jA £j]a ^JJ Laiu <kuijjl aUaJ 

(-Jjoijjj jll 4jL^all ^1 _a<all Jalaja.1 (j-aj (jL JjVI 4jj<all cJ-i*^ •(j^Minl ml (jl2)j* 
I j£ jaJI l_l jii (Ji 11 JJJ jll jl _ia1I Jalija.1 (j-a j (j-a (J J 3 ^-? ijj j 3 ^ " S- 1 ^ 

AaaUall 4ia^UI A jl i all j| jaIIj 4jjJaJ 4-iaUall -il jaII ^tfi ' r ll^J ^JJ lillj Jcj 
4jLo1I j| jaIL Jalija.VI (>>j jla tJa^lS £-aL> -ija-jjj .CjljUll ^Uj| L_ UjuoJ 
4jjAll Lai .Ja jja-all £A!lll (Ja 4_uilLa 4jC. lat.ujl l AiLauJl sjjibu UuIj (JjSj > n 
(_£J _a-aC- I^jaII ( - n-s ^ja jA t^JaJjlall aLaail jxl\ t_lLluijl aLajl ^jL JlaJjS «Lu\jll 
(jjuoaj tLjjajA ^jJa^aiLaJI aLaaJI £a3 Ja jjxa aLajL Ljijsl (_ydj t(jl jaJI ^)*3 Jc 
qa Jujjj (Sj^ll JLull C-^jall j slaaJI «:Ua& JJC. JjLjVI jaj (-iLu^^l 
JJ lUj JA AA ^Lu^VI J jtucVb jiVl X* laU Slalo jiixjj .sloJI 

.<Ja.U (jaiill (-jLu-jl t_L^j 

jLdcVU (^JajulLai! oLaaJI jl,or. J elilij^all ; ->j > ^>MI lIl/LIi jau ^ ia.b 
t_Jjjujjj diLilj^J AjjlLJLj . jjSLall (j jJaJI (jlaual] i_Ujjjj]I Jc 4 i^altlLall ej^all 
4jLaO jluJJ ^^SJ (_3-a&l AjajiLaJI sLaaJI dlla j^ya (jjij iuj^x<a]l oU-al (_5^>3kl 

(j-* (_J^J 4^ L5^^ CH 3 ^^ (J-i«-a dlli (jj^J LaS t4jUiijiall 4aL^all jIjaII (j-a ^)J^I 
(jAiJa Aui oUS ( ■ U^JP -lie ^)j£l Jjuj (J_&ia Cllljj 4<— ia-VI AjjJaJI oj^£ll l)^J (.1^^. 
i—iLijauVI CJi^un £ jl JJJ .^jlaJI (jSJoll t_il jjal <c jjjj t biaa] t*13j j SAa. jll 

CjliLLlI CjI j cjLWH (24 m 3 /m 2 . d) 600 gpd/sq ft jjj U ^ao ^1 ^Ull 
CM\U\ Cjli cjLLa-ail (33 m 3 /m 2 . d) 800 gpd/sq ft Jj d mgd ^> Jll 

J^ua Ojjj Vl s^m J (J^JJ^ 1 S JJ^> ^W-jl J^k .jj£VI 

S jji^l djLWl] 1600 gpd/sq ft j 1200 gpd/sq ft Jo ^lill ^LuauVI 
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6(3.1 m) 10 ft jM pUI ^ ^Vl JaJI ,jJLj .^1 j3B ^> S jjjSII j 

ft jlaal 11 ft yi*k 4 jLLaVI Sj^l cjbr>JI ^ S jgSM jUoVI uj^ 
jli i,3*«llj <j-SUJI uU J^-J stEioll fjSll Uijj .100 ft jUa& 12 ftj c50 
l«j ls *a jA\ luiU ci j*-a51l aJ j,oJ j .3.0 hr (^11 2.0 hr ^ Jil£a>VI <>j 
.(250 125 m 3 /m 2 . d) 20,000 gpd/sqft 10,000 gpd/sq ft ^ 

2-11 Jtia 

.32,000 m 3 /d ajii S jjj ljUuuI ^ <26,000 m 3 /d aj3 
'33 m 3 /m 2 . d 0 j-sa <^ j^i ^ j * > <jj ejUxajlj £JU1! ^ j . aall (j^jlill (-jUjouI djV^a-a 
•66 m 3 /m 2 . d a j-sa (^cLoi *e jjj ljUuuLj 

20000 m 3 /d 



= 303 m z 



2 -33 m 3 /m 2 d 

32000 = 53m 3 /m 2 d < 66 m 3 /m 2 d = (J jia) 
2-303 v 7 

[i^ 03 ] 0 '^ 19.6 m = 64 ft 

^jLujj 50 ft (j-a J^ 3 ^ j'^? 1 ^ ' ; '"'^ 7- ; Aj ftLall (JjaC (j] 

jli .11 ft 
3.4 m 11 = ft = jljil! Ja^ l_uUj ft Loll 

18 m jiaS ^gjc Ojuj alia jl^a. ^iiluol 
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lOOOOmVd 
2n -18 m 



= 88 m 3 /m d < 125 mVd (J juLa) 



(JJ^kl\ £-ui joll 5-11 

oLia! Li.ulaJ (j-a_^ tS"^ lilJj jajII A-aJajVI (j) 

die. jjj ^gjl j .4-afcl.ill JaLui jVl ^_aJaui £-a 4 SaJJ jaII ^jj^jaII j-ajll £-a C_S^j»<a]l 

Ullc. CLlLu^joll ojlA JLa <jl IjJajj t^jljJI £tlkj^a jgji 4jL>^.71 

^Aj&JI (5 J=^JI jjl (> V^J (3A*il 20 ft 14 ft (JjSj La 

l—ya. 4 jljJ ts A. jl J;1J ^Jala CLulall A Ja-aj tiSLlA j .6 ft ^Iaj 




J^i ^» <4jL ^ 4jJ*»JI "ULulII ^ajJ :18-11 
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elulj Jojoi j (_3j3 aii^all 4jla^all L_ajj^a]l aLi«a ca j 

(j-a *LaUJj sjy^*} AilsLall AilLil aJiA UJ^ .^JajqJI t aliu Ljj^. ^-a. j 

4ajJj£ (Jj^l t>ajJJj tCiLuVj^lj 4<— iLplI CjULijJj ceLaaJI jlOiJ Ljai 
.^juj^all 4laia ^Jajoi ^jjc l-llla Sail _jajj (jnnnill 4jujI t - 1AJ ^il^ll (J»s)-ill 

• cSjJaJI LLiull 18-11 JLSB jfrkj dirs. 
S-iLall (j-a^LiiJ ^JJ i"ijjjkl\ Ja. jll <Lia ^^Ic L-fij^all aLw L_lLuiij| £-a j 
AjlLiJ! j| _a-«JI <J!La AjJajtla -iij-a Jp^ 3 ) |=^JJ 4 UJ> ' »^Vl j 4jjjJa*JI 

eljgJI (_Ji3 (j-a ajljial ^)JC L_ll.la]l (jjT* L-j jYimj .(jjJjfUl \; . a£l 

Lpl 4jjjaJI 4jula]l 4ij ^ |»c- j]Uj .^Ju^all Jojoi jj 4jaa^-all dslc.1 jill 
(_£jJaJI ^_aljj]l ^1 La jaC jUiu 4jl (j-a ^»C.^)lljj iiillilj .Igiiuil ^ AjjI j&V 
JaLiull ^ ^ 2-ai) ^jLikl ^Uaj jjil jll ^ 4j1 V] j$J1 ^LaJU-aJI ^clLu^aJ 

«Lu*ia i'<Cjxjii La 4iulal <_£jl»JI (■ jajl ^ Jojoi jJL Ajajj^all CllLjjJaxJI _oajj 

(_£ jla-a]| (j^aaLuJ 4j_)La6U l_fijj-all aLj-a jla&j La-lic. j .cliiJL Jj3jll .il.Xa7l ( _ 5 lc 

JjUajJI ^ "aJ j^. jA\ CLiLi j i II L^aS ^Ju^sj ^^ill <L>j.i3l ^jJj ^jjJaxJI 

<u^Vi.nl ^jj BOD —II Abulia jli ^UlLj .Wjsl cIijaII <SUj ^...Jl 
jajII J jj .6 ft AilLJI AjUiill ^ij^l ^ ^^^iLJI aj^I J j^^all 

jj& (Jj^a ^Jajoiljj t^jj^jAil ^ jLiJI J^-Sll! ^ J^l a,i fy ij'^ Up j/'^.^l 
^^^jl jJ-ljA t_lLujdj| ^-a (jal jalL tAjja^i. JaLai jl ^ai^aJ 4j j . >it II <1 j<iVll tjS-aJ 
aLw ^j-a 1£^>J (J^A? L^^l _>»Vl 4^5 jJa. jau CjI jaaII jlAjaijL t - 1 ; > n"u (jV <— al£ jjc- 
4 ajilj 4^jj£ ^jljj jj!)Uajlj 44^JLuaJI e#.li^ £^.Ijjj cAialall (JjS ^j^j^all 

.AjjI jA!>UI jjlill 
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» 4_ jojU. ^ tsj^ 2 (i) gj** k">j <| j (/j^ j^j^ "»jy^ =19-11 <Jl^ 

4 tr> n AiSjLa SjJ*^) .y-li^l Ji\ jfSaj "LuiLa. (jlj-ia. ill tJjla&i £">»J <>*J^ J^" (v) -CiJ^ 
sjLc. ^Jfc ^LuiLmVl LgjU'jS-aj 4jjja£i]| ilsUJi^ai] I^LLa 19" 11 J(g ^1 
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^jLk <jLoiiall <— Sjj>^aJI el-La £-li.ljl J£J^ iajlj.}3l ^J^Vl ii3^)aJJ .^joi^aSI ^ lin 
. «.ljgj| (jljj^ ^-ojoiJj ^jLiJI (J^S-iiSI t<iilail ^Loill ^LaUjVI (J- 4 ^ '£Oj-^ 

^jjja.jlaJI jjjjIiiJI ^jjj La alia J JLjJI ^L£jj^l <L& J-aa-a ' . ' ■ <aJ CIiLjjSjjII (J^-i» I 
t"lJ-*> j 4<ajoi£a1I jj-^ i. r— ^A eJ_aa.j>a]! c " i\ — » ."i^all Ic. jjjji -LLuij^H ja£l (jj 

jLa ^jl jij .^k.friSI j JiUj^U ^ojUJ! J^l aJUJI AjSLJI jWVIj <<j£l j^JI 
^& jlljj .5 in. J) 3 in. La jIoj l_ LlL Ajj^aJI .LLui j!>U 4lj»Lill -U^Sfi 

uk dL\ jail jl VI i(S j£*JI j-aiil jjS! AjaJaw AsJuma j3 jj ji.^aVI jL>a.^l (J <>> 
La Ailiall JjLacI ^jljJJ .plj^JI j (JjIjjuJI JJ^>-a (j* -laj J 1-Sl.luijVI Jl (Jj-aJ ^° 

_ll <ll J oolaS t> LpU V t£lJi jjUjj Jll (jLofrSflj J in. 5 in. 

4_lj.la]l cjjj^all oUa ^ a SI ■» " J ^a^Labttll <J^aJ iaLjj jS/l Cljla..uijA .BOD 
. <SlLla1I AjL^aJI j| jaSS J j! t.lUQJJ La jj Igqw.n 

^a^ll J BOD _S! f l^luoL ^ jLSj]| ^i^aJI Js. BOD _ll <S_^ <.i. M Vi 

gi BOD 11 <a&Loia "J\ tjfr jlaiSI (jiaij t^cji^aJI (JjIiaII J jVI £jLaJI 

JjLjJI a^aS. ^jIJjjJj^JI 4J j,a^l j .5-11 <3^U-all ^jjaSI ^ jj.ia5I l-jUuijVI 

djljUjaij^fl j <=JL«-aJI JJC. L_Sjj^all oLa ^ l'l<i>>>"u ^joi^aSI ^ Lam Jc. (J^lLa]! 

(j-a djL jllaJI q±P)la CLll^jJ a^A ^ L i all Ajj-ai. jjc .6-11 4jjL«-aJI tajjA*!! 

jLalL) jaII ^jalLi <lja^Li cjL jlUJU J (mgad) ^ jJl ^ S ; -vU,„\i ^.LoiaII 

'7-11 <tal*-allj 4jjjaia-aJlj 4 JJj^ill "ajlfrj <Jjoij L-lm^J .^jjlL ^JJ-all jlalL 

■ 4.a.SU.JI kL^A Jl Aikl^ll cjjj^ll aUa Jl jj^JI C-jLujdjVI 

: BOD —SI <S 

J ■ ; =BOD^ (5-11) 
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<jfl 1000 cu ft ^ 4ikJI BOD —SI ilil jj jL = BOD _JI jj dip. 

lJ^jL i^J j^l t.nmjll) AjIuaII c_aj^l oUo BOD = ^JLaJI BOD 
(Aa*^ jllat) r !^aVl L_iVt cCIjU^ jJ ^ jU^VI ^ = JaL.jV! ^ 

^ (6-11) 

A 

^jjILj 

(m 2 ) t tcliU..njAlI AjaJamll AaLoJI = A 

(7-11) 

Q AuAi e>yd £ jiill Q RJ Q 

£-^JJ ^Jja^JI JaLoijVl dlLajoij-al jj-ajll '"'Vj"^^ 3-11 (Jj.SaJI (j^J 
ojiaJI Jj (jjj-all cs J*-aiJI is jji-al! (j-a I Jjlc Ljal£ ULunjl t— ll ^ » « jaII CjI j Clil La Jl 

L_)Lljaijl i^Jaa-ail (JajJo L_Sja^JI aLl-a (jljjJ ojl&j Jjjj lilliSj . L_Sjj^a]| allA t-j\jjyajl 

BOD 11 CllV j! ojfiJl J$-^ •'Sjjfr^ (JW*^ L - * J*" (_S J£*^ 

10 mil _ ! Uj*. '(400 g/m 3 /d) 25 lb/1000 cu ft/day cr 

4(il3j asLjJ .a^. jjLi a1S14a1I AiJall «.lLj Jb 4JiaU^i] gal/acre/day 

.aj-a jj£Sf ^joij-a]l ^)JC- L_ajj-all ol_La jl j-ab juiaJJ BOD II jj a#.US (jli 
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7-5 ft l4iU3 













BOD — SI aJjas. 


70 (^J 45 


90 ^jJj 30 


lb/1000 cu ft/day a 


O AAA t\ O AAA 

3000 (jJj 2000 


O AAA tl 1 o AA 

3W0 (jJJ 1300 


lb/acre-ft/day 








30 J\ 10 


30 J\ 10 


mil gal/acre/day b 


0.48 J) 0.16 


0.48 J) 0.16 


gpm/sq ft 


4.0 - 0.5 


3.00 - 0.5 





a 1 lb/1000 cu ft/day =16.0 g/m 3 -d 
b 1.0 mil gal/acre/day = 0.935 m 3 /m 2 -d 



i 


































-Q+Q„ ^j-.Lj . .. o 
























o^i^^^^ 

(1) 




o 








































■6* 


JI J-i-i J^J' 





jflaj <K ^jU! ^jlaij jaI <jjjU jiaia (i) 4Ja ^J! ^jU! <|jlaij £^i>» £|j :20-ll <Ji>i 

Q ( JjjaSi £13 o- jfl JU^l <U» LiUi. Jitjit jajSJl = Q H + Q ««J j^l »U*1 Jilifl jajiil uUuJI = 



jacj jjjJj SjIcI >»ll LjUuiJifl = Q H + Qr+ 
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j .4-ajlill 4jsJI*aJI Clil ka o ,J JJjiill e-ilcV o.&*ia iaUul (jJaj 
^lia ja jA Ltt£ ^jj^aIJ <J^.UI (jjS-iill Ajjlc-V ^JuJaJI (—SJ^j^aJ £cjJa 

jJI JJ ljL^YI (^20-11) J^l ^ J^jkiJI jL: .20-11 t£&\ 

«0.5 UjJS JJj-£ S-ilc-j 4-Uilil (JJJaII ^^ILJ t-jUjaU^I JJji Six. J^JJ 




j j> <kjAll (Trickling Filter) ^Uj ^ jLaHI jJI 

' ■ 'J ' " j"'^ L>° eUtlj (j^-aJ IjU^I J t(21-ll (J^") tjic (jjJ-« — ^joija 

<ji 30 mg/1 SjJa BOD J j& t_j jILa ^uhiSn t>> Ja*ill 11a j .Ja^ jlail 

AjKa t_ijj^a oLa j! i^iLjll CjLi.LLa]l L_a^a oLa <LaJlx-a ^jfr ^jLiJI (JSJjJI 

(Jjjuao] liiljj AjaiSj ^'.ll (jj^jaij-all "^S. C_l£jJj .JajaJjlLall <-aj3 (j-a 
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CJ ]J <jL J| s jLJI Jj cjlajj^lj J^jUt (> ^JLJl ljU-uYI 21-11 ^ 

.Aj&aa t^ji^-a <L^j-a <_j£ (Jj^ _)JjiLl<ftl! jJjJull ojlc-J jj£j (j^ ^ tAjL^all jlj^all 
o^)ia. (jx ojj^lxa jl t— lb n JJ jl j^ L>° JJ^L-^I J^J"^ SjlcJ £uJa j£-aJj 

i—lLutaJ 4jj^abjll dj^fjlx-aJI (j* JOC- JJjiaJ j>J ^ .(^jai^a L_L j . ,-t JaJjllI (jajjll 

( <aJall J-ic. Jo* iU bUel BOD _J All jV cjUJi jA s*li£ 

o^A <2J d-oisu .AjjjJax]! Ajj-oaJlj ijJjJiill ia.slc.lj tajl^aJI tJajuijJI Ja-ajj 

4j£j]jj.1}A mJjas. j A uulaJLa 4jJ^ <SfL <U jj^J (5^1 £uj)Ja]I -Luujj ^^Jfr dj^jla-aJI 
JaLoijVI <— llj ( - )\ -\ iVi^all ^ C_S j jiall ajlA (Jla ^z. jj Lola j . ^ jLuiilLj -ic-jjA 
oLlo t-jLl ia jl ^-Uaiil t ■ lluiJ La t jLuiLa JJC. I jAi J t4jj7»^»\l 

^lyj^j AjjJaljial Cjli&lc ^^kloiJ 4-lxijJI <jaijLa-aJI Ajli 1^1 . Alkali L_ajj_all 
.4-ajlall <aJlx-a]l t"il Vi^ ^ (j-a £ la «^ 4 j\jt ujj cllliUj ^^ic. JuinJ 

.n ^LiLu ^gJ] jLujoiVIj tic- dlV-iU-aii JjSi L5-^j 

QjtuSa t " ll uj J^alU (_UutJ ^ (jA Cluuaa ^^jjll j (NRC) ij^J^ t — 1 J 2 *^ 

.^jJaLaJI cllLijjxjjl (Jfrluiia o^aJLajl dlLiVjlLi 4j * nr. Clllc.Lijj 

(jnWlN 422-11 J^-'^l <^ Igjlkki-a <1ua1I ^ljLuII sOA jjIu 

Uli n Jj (jl js. 1 (3 JtoJ tAjja^a. JaLai jl Clll j 41^.^11 AjjLi.1 4j^>iaij CllLaui^a 

I jij .(68 °F) 28 °C Ujja Sj j=» CjI j <iujjla Ajk-« tJ^a oLw <aJU-a j 

Jai. Uak- ^ Sal 3JJ ^1 Ajaiill di^j J jlHal ^^Jc- OC.USJI 

SiC yi<& .C-Loillall JJjill s-il&j 4jbau (jSj Cj> ^u\l ixkll £-a (^Vl 4j>«JI 

jjSj t 0 U jjjU SjIc] 4juou j 40 lb BOD/1000 cu ft/day U <S ^aa. 
jjSj t3 Uji jjjli s^lc] <fuij j Ujjaij BOD —II <J jas. ai& j c%74 a^Uill 

.%81 S^U^I 
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300 




100 90 80 70 60 50 



iltjil BOD _L) i^UI opLLSJI 

(NRC) <^jS ijaaJI <j-V J! tJUU «20'C S J ja> 

Sj^all (j^saljj i-lljaiJ JjVI S«.US Jfll Aajlall ^caij^ jj 

Igjl! jj jj^j j^iJI CllljjjJaaJI 'j^"" 'Vjl i . >a i JJ ^tLall (_g eliill ^Jsuua 
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AiDlxll (JJfa jA La£ cAojljll Ai^^all ^Ajm ojUj ^>JC- 4^-aJ U^-S 

:4j=JUa11 AjOa-JI BOD —11 <> ^k>a]l <S ^aa. 

BOD u^'SA*^ 1 A-iililH 3J j-aa. 



r^jSfl AjjUI S»US1I -100 

100 



(8-11) 



t5-ll <tal*-all <kJ jj BOD —II <> AjjIjII ^kj-all Ltoaj 
(jj^all (j^s (j^ajlill i . )UjuuI£ _>JJ*J Ajjoijiall i—Sjjl^iII aLw <Uu3 ik^j 

6ftli£ JJ-^Sj (j^-aJ c 8- 1 1 <U.il*»a]l A In ml jj A^JIxaII 1 <Jj^*-j ■^ J 4J • K. 1 ' " 

^Uail 4jsJUa1I aU-^, a\ kA*l\ 6ftU£llj .23-11 Jiill t> <k.^all 
:9-ll 4LU-al 4jLua> (j<u«j <kjAll ^JIjj 



= loo- ioo[(l -■%)(!- £)( 1 - £)] (9-11) 

ICC 100 100 



4jjla 4jbaij t^UJlxJI 4 ka a BOD = E U" U^> 

^jVl t-u^ Jili JjUl BOD — U AjjU! 2Ll-u1! 35 

i Jauajll jjjAllj JjVl <k>aJI BOD —II 6ftb& = Ei 

i ^Jl^ill (ijj^ilj UvjJI ^uijJ BOD —II a^li^ = E 2 

.4jjla A_uai ajl jaJI Aim'iWj 



aLw a J ja. A^-jOi L&^J <-(S Jj=^ yr* BOD -Jl 4JI jj jfa 

24- 1 1 (J^jil! ^gi jaJaa .all ^»l ^iioil (j^-aj . ■ °j ■ ^ .^-^ (_£^> (_5 JJ-aJI 
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jjli J3j .20 °C Jji J jja cjU jJ 23-11 j 22-11 Jlill <> S*U£]I 

. Jtf J BOD —SI t> 



800 




80 70 60 50 40 

illjil BOD JJ 4j^UI opLLSJI 



5 jJ iltaj 4 jW n i_i j^a sKa JlJLxj lSJ^ j j 41* J^l I^J 3 ^ Sf-Uill uLuxLa :23-ll <Jiii 

jl US Jji.ll BOD >«J AjJiuJ! i(NRC) ^jl! i jaJI L>-la- ijl t^LSi*-) <20°C 5 J ja. 

7-11 ^SjU^I ^JaiuAj Uii 
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28°Cj 12 OH 1- tS>l Uj» NRC ^UU; (> BOD -J SfUS jua-aSi JakL. :24-ll Jii 




jH kiJil JlxSI JuiC .iaj) jS kuii] S jj^J! ijili ^jkajJI j^fl ^Jaft :25-ll <JS*i 

Las Vegas :<> SijiU S j>-aJ!) .fllill J-aa i_ijjJa ftSS ^ S*lis ^ AkiLaJl j SJjaJI ^Ui 
((_pUja (j-V sU» ^"jSj ja^ Water Pollution Control Facility 

i^Mj £tJ\ Cy djU^i jJI ^^^j 25-11 lM <y >Ual! Jj j] 

lapaj j c<H£Vl CJ\ jUll Jj^iil j <lfkll ^\ j$JI J c><&jl ^W^J 
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3-11 Jlit 

21-11 (JSjjjH jaUoII 4i*j-aJI ^Ljj ^jl^ysl p\<\\ <Vi\l ( ■ A-Luul ^Ijj 

jll cjV L_buaaJ .220 mg/1 a j^a BOD jj^jj Ja^jlw 12 mgd JjL. 

jl Laic .16°C ^Li3 ^-S^all oUa Sjja. <2>.j.l (J J ^aJlsuoJI <ia=^a Sel&j 

7 ft J^aJI J t80 ft jlaL 4 = 4j]J (IATjja 

6 ft (jj-ac J 1 1 10 ft 4 = jjljl CjU-S^a 

7 ft J^sJi SruU- t>«C-J '90 ft jiaL 2 = ^UslIjuj j CAljjA 

8 ft JJaJI ^jjU> j '80 ft jiaL 4 = AjjjIj CjISjj* 
^Jj £sJjJI JjLJI ^Lj :21-11 J^iJI L£ jA jjjJjJI Sicl .Luuj 

(J*S/ (Jj^ 4 (_£ U-° t^i" L-lLuoulS ^i—lUjouVi -lajai jla) 0.5 mgd <UlajJI S jiiJI 

0.8 sj-^a Qr ^aij^ JS Jj* ajj^Lu jjji S^lcjj tQ R = 0.6 mgd t-jUuijl 
.Q JiWI Jjajjll - (JjLouQh jQ r ^jA*-aj .mgd 

:JaJI 

: Q H £*.! < . iLuajV I Jojoi jia Vo (j o » ?tV*i 

A = 4ti(80/2) 2 =21000 sq ft 

Vo = (12 + 0.5)- 10 6 /20100 = 620 gpd/sq ft 

oji %35 BOD -Jl aJI jj <Wi <^jl£j ( -»u>.^l j jj* tj^JaVo lila 
:^J1A\ ^ jUJ! Jisill ^ BOD 

0.65-220 = 143 mg/1 

ylj] ^jlali jt*Si>» 

4 7t(110/2) 2 -6 = 228000 cu ft 
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12mgd(220mg) /!)(!- 0.35)8.34 
228000cuft 



:BOD —1\ a! ja*. 
= 62.8 lb/1000/cu ft/day 



12 + 6 + 0.5mgd , , „ v 

— =21.2mgad (uj^«) 

0.873 acres V 7 

J Qr = 6.5/12 =0.54 j c63 lb/1000/cu ft/day ^ j 22-11 J££l! t> 
ijA SfrUSlI j . %74 S<ilaSll jjSj j c20°C S J 4^jJ ^ J %54 

%64 jj£ 24-11 JiSl! t> 16°C Sjlja* %a> 

90 2 IT 

A = 2x = 12700 sqft 

4 

(12 + 0.5)10 6 gal non f 

Vo = — =980 gpd/sq ft 

12700 sqft 

:BOD tSaJQM 

(1-0.64) 143 = 51.5 mg/1 

:BOD _JI aIja^ 

12mgd(51.5mg/l)-8.34 



= 22.6 lb/1000/cu ft/day 



: 8-11 (> 
BOD _JI <S>^ 



= 170 lb/1000/cu ft/day 



(1-0.64) 2 
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12+6+0,3 mgd 



0.67 3 acras 



= 21.2 mga( 



= j 170 lb/1000/cu ft/day He 23-11 JSLiJI ^ S^US^I ^JLu 
Sjja. jj ^oJ S*LK1I ^ jj^ '62% J.au Q' R = 6.5/=0.5412 

%54 jj£ 24-11 J££l! t> 17°C 



4 .^_^ = 20100 sq ft 
4 

12 10 6 gpd = 6Q 
20100sqft 



(l-0.54)-51.5 = 24mg/l 



:^LLa oil BOD ^ l^^ 1 



17°C SJja. tfll AI^aI) <> BOD — J) 4JIJ) 

220-24 
E. = 100= 89% 

220 

lgjjj\aj .4jj Willi CjlauijAB A jSiL iu^LII JaLoi jVI ^il'i^ o jj\ ^L^aJ 

^.L^aII) JU^JI ^ jjll 1 g a li ui ^ 4jj=c=JI JaLai jVLj AjjlLa AjjoLoiVI 
^^lill j elslc-l jfl]l jj-a Asi\ jia ajJJ^ ^J-^ 4 ^Jj-oj £-a (^a>-ajl j ^^ic- 4-a J ' aS ^ 

(j^s j . (jj"> ■ h^VLj AijjSil ^Ij^JI JJJ" 4 (jj-^ J^J <-5j^ (J^J ^ajoij 

l^jjj 4(JjLui1] (JjJaal jSjJ ( _ S -»JI 4 unlV'lrtll IgJaLuijI C(_j^)i.VI IaLI 

^^Ic. aj^all j c4ajLiAjS]| jl jaII <LajlLa]l ^lijjl j cJ^aC-I < " \\ "» ni ja a-iUilj ^-ajoiJ La 
. JJ^l a j3 dllj Ljjia aLl-a £-a <_Lilxj]l 
A°t\!£l\ Aalic. CjI^-j ^ <LuJall CjUaijAl] JaLjjbU 4juUJI ^1 jjVl J 
t4jj7»^ll JaLui jVU a jjujI j tLul jJoC. 4-a^a-a j ti_lljjaijVI ^ J » J& 
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J) 2 in. tiluj^LJI \Cj'\> t-<<\ 4ali.lj ^^^Ljalj A \i\ a (jl J-^?- dll j iijjj^aS 

(130 m 2 / ^1 100 m 2 / m 3 ) 40 ft 2 /ft 3 J\ 30 ft 2 /ft 3 ^ jill ^kJI ^Ljj . 4 in. 
^ ujj 31 ^iia^ S j^aJI .%94 %91 ojja Cjlalja cm 3 

^»Jp. (j-a 4ilrLa Ajlklj CLiLujjaj CjI^j ^I^sj .AjLJall jjc (JiuiVl jai 

j) .2 in. IfcliuJ j 4 in. Vj^j 2 in. t(PVC) ^jJI 

AjjIows ^jLL^a (jjj 4jaLa <Li.j-ala ^jLL^a dlli (126-11) (J^^' ^ O^jll 
.Jojuj _oll ^ jjVi i n t_a^)ju<a]l olj-a £JJJJJ 4_}JjSLi31 dlLaaaJI ^^A 3 lilJi j 

85m 2 / m 3 ) 43 ft 2 /ft 3 J\ 26 ftVft 3 ^ ^L^ail Lu ^ jill ^Ja^l jiiL 
Ao.Ja jxll aJi^jl! .%95 ^ ja> £1 jill ^ jjljj c(l40 m 2 / m 3 ^J] 

(VJ 26-11) <J *OUa1I LjUa^U 

,_^a*jll ' (j i j Ig-la (J£ 60 45 Mjjj Qj^ * ' ^ CS - ^ 

(j£ ^ i QJ cJaLoijVI (Jiiail jsj L_Sjj^a]| sLia I . iLujiil £»a j .^^iLiJaVI (juLaJ 

.Aja-aAjj t ■ lljiii'iVI jl"inn juLaJ 4jakj 

^ Jjljla ( _ 5 £j]jj^lA ^>>jj i.lli inj (jill j-aVl 4 cJsjujS^^ J^j i-jIojouVI 

Sja jj .(140m 2 /m 3 ) 42 ft 2 /ft 3 ^UJ ^1^3! ^ILJ j t (90 m 2 /m 3 ) ft 2 /ft 3 

IgJUaS C£*iJ '•LSJW U^- 0 ^ ^ <^ JaLujjVI (JJ^J .20 ft ^J^l 

— 4s 26-11 J^ 1 ) JJ^ j^?^ 1 J^' j ^ ^3^- ^-a^lj^] 
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(^) .^^JajC Jxuj SjjLvaII giU.i^iB £a Ajuia^ <L^jau jiliua ljUuiSU AjjJsjC SJ^J (<-i) .AjjImm 

(TLB Corporation, Newington. CT. 4ial>«) £ jA\ iUji 
j^Vl '.llWn -<JjJa. ^Ijj djli Ajaa^al LujU. IjJiia 27-11 (_&^ Jg-^J 

J£ ^jj ^uiUJI ^ >Vlj t—Lui jail AIM Ujy LlJ ILjjS 

L_Sjx«a oil* £-o ^Jjli (j,^"'^ L-A-Ujo&U jjilx<JI JJj-illl s^lc-j ^ j-aJ .^IjjjjII 

jjui^'i ^jj I^jj .JaLii jVi jjc- i— iIojouVI SjLj jl j ' kjiaJllI lilljj 

jjj-o j 4juLJI AjUo J^IS jj& BOD —II <1 ja^J jSLi ^jjjj jj& 4?JU-J 
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T \ ° 








Oh T 



l^! (jJJ* 11 fr^ <> <JW^ J^W- 4 OljJ J ifJi* =27-11 Jii 

lb/1000 cu J j^f Sic jrl jAM ^ BOD -J cjV jj^ 

sq U AjaJa^ 4_£J jjJja CjV £-» J&1 J (800 g/m 3 . d) 50 ft/day 

aIj^ xc^u 1.0 gpm/ft 

t-Llu.jS/1 4JUuj iCjI^s. jll g- jjj tS J jaJ ^UjJj ^ jjaJI JSlajVI j (BOD _JI 

Al\ j\ JafjjJ tiillj AiLjaj .^juj^all JjAXJj Aj£LS jjJj^JI <U ja^JL sjj-^J -JafJJJ 

_J| 4jjJaj]| Cj^UJI ^ BOD —SI UJ^J -U^WjA? a^Lw ^'■^ SjLall 

.Sic. <jiij US aIKJI BOD —11 I'mnl j (fU&l) 4j»JSja1I BOD 

A alalia jl ^3^" <~s'^ ^j-"^* ^ 4jI.1aSI BOD SI Al\ j] (_£jLuij 

: Jjtyl Ljii Jill ji. 
| =e -k 2 „A,D/Q" (lon) 



(mg/1) £ jUJI jfljull lJjJi jl) BOD = 
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(mg/1) £ jUJ JmSI! ^ tJji jl) BOD = S 0 
(^j^jUl! 2.718 = e 

(gpm/ft 2 ) a5 [(l/m 2 s) 0 - 5 ] 4 20°C ci^ = k 20 

(m 2 /m 3 ) ft 2 /ft 3 cJaLo, pi ^ jill ^Jo^l ^UU* = As 
ft c-Llu, jVl ^ = D 
(1/m 2 ■ s) gpm/ft 2 jj^JI «J >«JI = Q 
l-jUouV! JaLoj jV 0.5 a^lc- Jj^j) 'c^Jt^' ^L^VI = n 

k=k 20 e T - 20 (n-ii) 

°C cT SJ u J Jcliul! J:^ J-U-o k 

20°C Sjl ja. a^jj ^^1 JcliSlI J^-a <_U*-« k 2 o 

1.035 S^lc jtS^J Sjlja. A^.jJ J*U»a 9 

°C cUlj^l aUo Sjl j^ A^jJS T 

^Uj cJi Igr^Urt iSJ=£ L_Sj*-a]| aUal BOD —II j£l JJ 

^U^L ^jL^a JJj-iJ O-llcj U-lLjojjlj ( foVill 

S n +RS P 

S 0 = — (12-11) 

1 + R 

(mg/1) 4 jjj-^M cjUjou! t foVill (jajjll ^ BOD = So 

(mg/1) i jjj^I sjWJ sjUuuI ^ . bak^t JjVl Jisll <J Jjj BOD = S p 

(mg/1) c£ jUJ JiSill Ljji BOD = S e 

4^ jt £ jU. (jaju CjUau! /"JiJ^ J ^ tA ^ i-jLui&U JJjJall oicj A+*j BOD = R 

(Qr/Qp) 

(12-11) j (ll-ll)j (10-11) i^Vi**!! 
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(mg/1) t£ jUJI Jfljall <y (^ ^) Ujj BOD = S e 
sjL^J c-jIjm, si ^ i iwViti JjS JjVI £ jUJI JmsII ^ Ljljj BOD = S p 

mg/1 cj^ji 

gpm/ft 2 ' jjj-^j S^lcj t_iLuijl jj^j J jVl £jUJI (jaliil AjSJ jj-^ = Q P 

0.0016 j 0.0008 j# U JjaUll ^U^VI -LUjV K20 ^ ^jiill JUJI 
Ai^jJI J^UjSUj c[(l/ m 2 . s) a5 (0.0020 0.0010)] (gpm/ft 2 ) 05 
1/ m 2 . f 5 (0.0028 J\ 0.0017)] (gpm/ft 2 ) 0 5 0.0023 j 0.0012 ^ ^V^ 1 

t-lUuuVI JaUjV <4tt t> Jet C-jUaiVI jjJI JaLa j^U K 20 ^ jj .[( S 

oLw t—iLuuiV (Jj-^al ^jjjjj JjJal (JjLoj Jj ijj*^ j 'J jSIjuoII 

JcliliJ! Jo*-a ClL>Labua j* jji^jl] Aalia. CllULu lillc- (j jajj^xaJI ^JSJj .<-_S^)*-all 
al aula JaLujjl ^likjjoilj 4_uj^)au (llU.nl j^j ^Ljillj ^o^ajjj t Upj* j i ^^Illl Jajoi jSlJ 

.4 Saa n\l aJ <\ > K20 J^-^-^ 

4-11 JUU 

^joi^ya j ij jl (jjj^^ j-« ■JijJI (_£.}LaJ (_£^)laaj ^jai^^o Cllli AaJljK A iaa a 

BOD _SI £Jjj jjIj Jjj- j iAjjIjjic. ^ja. ^ jj 7 in. j 70 in. 0 jlaa ^ jLi 
cjjj^ll oUo Sjlja. Ujjj 1 100 mg/1 JjSfl ^jUI (ja^ilLj (^ijJI) 
0.0026 = K 20 '0.44 - n ^ a^il^I ■LUjVl ^ jj .15°C 
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[0.144 (1+Oi)] 0,44 



^ jUJI JLSM J BOD 41*^1 35 ft 2 /cu ft = A s <(gpm/ft 2 ) a5 

•0.40 mgd ^Ijj 4^ jll SjiiJI J] jJiUJI jjc jjj^I SjIcJ jl ch 3 ' J^-? 

3.14 x(35) 2 = 3850 sqft 

800.00 gal /day , 

Q P = T 5 -^ — 2 r = 0.144 gpm/ft 2 

p 1440 rain day. 3850 sqft 

R = 0.4/0.8 = 0.5 

ijjLaua 13 _ 11 aJjUaII e <ji 
-1.05 

.iaj c 13-1 1 <taU-all ^fl (J^JjxjILj 

Sf 

— = — = 0.26 

5p (l+O.S)-O.Ss*- 1105 

jUJI JissB lJj^I BOD _J 

2.06 x 100 mg/1 = 26 mg/1 

5-11 Jliu 

. 20 ft <ua JaL* jVl t3*c ^Lyj (A= 464 sq ft) 24.3 ft a jJaa ^ ja^ g jj 

0.0018 (gpm/ft 2 ) 05 ljUouVI ^ic Aljajt Cjl^j <> Aj'jLa 4u9 Zj&J 

Q p = 4_u- jU j_i eLui (-jL^I ^ jLou .n = 0.50 j tA s = 42 ft 2 /ft 3 'k 20 = 
. 15°C S J A^jJj S 0 = 0.80 mg/1 j <BOD = 162 mg/1 ^ 0.5 mgd 

L_LuiaJ .0.75 gpm/ft 2 iJj^i iaLaijVl SJ^ajJ J^«-aJ R = 1.0 JJj^ Sjlcl jjiij 

<> 1000 cu ft ^l^j jW^j ^ijAil jjc BOD <S j lJjuJI BOD aJ 
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;mg/l _J ij^la S e cs^J^ 1 3^ LS* B 0D M-^ 1 -fj^! S J-iaJI 

.Ljljji t^jUJt JajGll BOD t> %50 J o^J&i jjP BOD l_u^I j 



■ 464 ft 2 -20 ft = 9280 ft 3 

LjljuJI BOD ^aa. 

0.50 mgd 0.80 mg /1 .8.34 

- = 73 lb/1000 cu ft/day 

9.28 



[0.75 (1 + LO)]"" 
= 0.12 



13-11 5JjUJI ^ (J^jjsjILj 



5p (l+i.o)- i.o xr 1,20 

-.y* jUJI (Ja^iii ^ lJI&I BOD 

0.12-80 mg/l= 10 mg/1 

jUJI (jajQM BOD 

2- 10 mg/1 = 20 mg/1 

^U-AaJLa ^jajujj LiiLiC- 

(jjjataal lilli j t4jjlall 4la.^a]l £-« (_£j;iaJI ^"J^ •^^■J^ (j-^ 

.28-11 J£^L t_jUauVI l-il-i^fl jofa jA U£ (-^IWil -LLajL 
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<Uja^J Jjjlxa JJJ-^ s^lcj JJC ^jl ^JJJA^ (_£ JJ^JI ^^>^l (Jj* ^! * 1 " " 











: 






ft 










ftl; 












iJjl oL> ^ 




















jjjp Q iiLu j^<s 




















*— " - ;iJ 




jj^l 1 la "■ : 1 1 oUil 





jjjii SjIcI ^jJI jjc jjjJj SjIcI j-» (jji^'iill ^j^j cr^?- J^" =28-11 <JS" 



4ojujj1a]| 4jjaaJI aj^SI jjM «■ j^ oAcXj 1 . Ajjji^ l Joaj ^jii 

J£ jjc Ujjj^j jUj aIiiVu SLoa. JfLlJ pJjj<aJI Jil.j]| (jjajjll ^1 (JjJaII 

^JjJujj l^la a.}C $.IauAj 4j1a*JI ai& ^1 jLjJj .4jj£j]| (j' j^J ^-^J-*^ 

c(Activated Biological Filtration) (ABF) H . V^ 

<_j£ja1I ^»Uaill l.agJ j jl-iV'l\l ^aljj]l <jL^a]| .jIjaII jjjLoj 4_iLaCj ciaALa 

^cjJ^aII (JjLoJ! (junj . (JjIjcaII j CluljJI jaj]I (J£ dll jl^r- J ajl > as 

£ jUJ ^jsjJI ^ ljaujjII (JjISII jjc. BOD -Ji <ll Jj (> ^jj«j1I (jl 

^jLi ^^-"1 jIjaLjIjj (j^J cAoLaail \n\l d il nil ( . l hit j j .^jijAll (j<a 
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AilSj t-ij » (jl A \\ oi& ^jj^JI ^jJuj-all (j^-aj tLa AjL^Jajj .o.lia. Ajp. _ajj 

jiC 'Xa=A\ ^ AjJajUll 4jL^1I J jjjJj ejlfcj Cu-aJ JU. ^1 ^ j .jjaua^Vl 
tla-jj JaLai jVI <_Jii oj^a jjlajj C_a _ojuj (jjauaiSSU ^•lila.Vla c^jJ^JI ^oj^all 

.BOD _SI 5JljJ t> 

^sJUJI A^J)1 Ak\\^ Joioiall j Cj^j^la tliVl=~a ^jL La .^Lkill 

f">*^ (_^jLaU I^Aj ^4jj£jll (jl3^J ^-"_>a1I JaL-ujI^ "> SI AjjoU :ai& 

20- j^kll ^a^ll liHJ BOD —SI t> f LLill 4] <%70 %40 

Cl un'nW ^ t (320-800 g/m 3 . d) <50 lb/1000 cu ft/day 

j| jA\ j t^rjUil (jajoJI ^ BOD <«ua j c0.5 UjJ ^Ja^ j 4-<uL 1.0 Jl 0.2 

jJiaua ^ Jjioiall jjl j£ .'miMj .25 5 mg/1 ^-_)LiJI (jSJoll ^ AlSjuaJI 4jLall 
4j| US t^jlcl Vl->I^SI CllV jasJI <j-aL-oial ^Jc. ^Lkill IjjA ojJ jl CjLWJI 

a oLasJI a \\ ^<~. Ijl^ajjail jjSI 

JjaLuull j£Luua 

AjtC jj LaA 4jj7»^SI JaLoijVI dlli 4-jjS-iV'lSI ( " )l ^» iVi^all (jljjaUJ^)ll (jlSlfLiudl 
oLlx»j 44jjjJaxJI j-a^JI £-a Jjsl jia LaA^)l£ j cA^jjSJI ^jl j ^ jUiJI (Jjajjll 
AS-^aS BOD —SI <Sljj a*- US ^JLu .JjUSI (jn'qlnSI ^ Jj*j&II j tAjC-Lu^all l-fijj^aSI 

t> 30 mg/1 a j^a BOD Jl jll .%85 *k j*SI l5^UI ^ Cjli 

^ ^jivj <u^a3I t_a jj-all oLw <jla .200 mg/1 jjUi V BOD 

j»Uoj jjJI f. _aaJSI ^jj^jjJaSI (j-a c^jcLu^all Lj^j^all oLw jj^i tjm ^ CllLaALui-a 
^ij .AjjUa^JI ^^.jLiJI (_3a^j]| JJjU-a CjUilalaJ «-Uj^U 4 41^.^)^1 ^gjLu ^±j!LJj 
<LJall JJC. jaj ^gjll ^jjj^all oLw sjlj^. ^-?-J^ (jj^J 4 4jlLaj^ll cllli>.lia]l 
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£jJa j (jS-aJj .BOD SI ^J>] QjSjU J3j elliill ^ JJJ^ ^ Jl (jiaAaJ 

.JjUll (jjilall lDU. SjljaJI 4a. Jc 4 h°lU aU AjjWqMI iIiU.^ijaII Jc. 4alaC.I 
^tijj Jc J^lij Jl j&V iJaLuoj^l ^JajgJ ojjuoLa jjLa-all ^jj^ia]! (jUsoU jj 

ojL ^ j3.1a frlj^-J ^!J4^ J-a^/l t ; lllaJJ J3j .Ajjoilia Ajj^jj ^i-aJJ (_£^ll JljgJI JjUaill 
4 M -s «\\ j tcjjjlu^l *l j$JI J* 4jsJ)ljll 3JI jl i_a^J el j^ll t ijhni £ jj Jl 4iLjal 
i - j^c. j Jl£l ja. J j £ial j t^JL)all jiC f.\ I— uAIa jjj^ Jc- 
Aaliioiu J^LiuJ A^JajC Jal Ajcli^a jl ^iViun jll 4jjJ=>JI ^1 JJ^I j) 
£AjJj .4-Jj^aJI Jalui jVl LllliJa (J^LLaJ 4jjlLa c4jajl Jl j 4jC jj]l iaJjJaJ J*JJ 
VI .^-a^JI oUal ^-liljjOlgJI £jjjj3l J AunVJ 4jj$j1I Jl JjVI ^jA ^ 
J jljJC-Vlj jli.jJ (jl i ■ 17>J JjLllI t _jjaaiail JJjtj J <i-aia-all <aj| Jl (_)£LuLa jl 
.4jj;lA l-^l^jl (j-ajJaJJ jll 4jaJl*All 4 <\h'il (Jjir, ujjj ^ ^ * 

t_jja jSjjj <ax.j^ '(Psychoda b j^j>>i) ^JJI i_ Lj 

«4Jj£, JaUa jSU iLltll djliLkill J LjUill liA Jmlsij . jLJ L^iJI J c^uli JJI 

Jjij^aJI (-jUill ligJ el jfrll Jas. (>a ^jlUj .<L-alill jlj^aJJ Ajk.|j]| ^ jiajoill ^^ic- 

,_$jjj]| (jjjjll tjj .JjxjooII <3j1 J^Ai 4jl Vj djlaLaiAJ 

IjlA ^ a sl S A **)\ ui *A q l-> ^ m!-v \ \ Clll^iLalLl ^joi^aII ^jl^^l^Jj < A ^'qL*\^\\ 
jjjjlaJI ^51 j3 ^ jjoU j i^jui^aJI JaLoijfj ^lli.WI jlj-laJ! jjjlaJI _jaJJ .L_llji3l 

.c_jUuuVI JiJ i^y'jillj s^UVI ^ I^Ijj Jl lal^l ^U.n.ll J£b j> 

AjjaaJI Ajj4^I 6-11 

(Jj^ CLlLujalA^SI (_>ial ^)31JjujI ( _ s lfr [^jllll ull lillil .^jJaJI ^JjaijIiJI 4 .'^"'J I-" JjSI 

.11-3 s jSill J cMSSi c j USj^ j 2-3j 1-3 ol ^4 aUI^LVIj Ljjii^l 
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jau .4jJ£J aliai ^ji lil^J <Axl\ 4jjaaJI A, \\ nr\\ 29-11 (J^il! ^jJajJ 

jI^J ojjj-oj Aj^jJoxJI ejUU BOD q±x j=» 4jLoUa1I aUJ ^jjj^all oLw 






DO C0 2 DO C0 2 



t 



7 



aiyu^a di»AW v^^Ji 



(jJaJila SUa.) Ajj^ISI Aalxa <jl 4jjaa 4jUe :29-ll JiA 



^jjj^all aLw lS-^J^ '^.Ufl? - "* '"'^J' -*"" (j-a *JJJ^ Jljcl a^lc-j ^xjj 

LpL^ 1 g lj£ jj jjc J jia-all (j^s AjjjSox1\ ajLall ^Jl jj ^gJj dllcLui ^* 2aj] aLaJI 

J jla^a ^gJJ Laj-aC. jL2u ,<La.lj]| aLaJI L-Sjj^all slxa £-a Ig^j-a] (J^J^ LS^j 

ft i i n LaS 4^jj-«-<JI Jjia-all ajoilj Ajjgj]! (_^a_^a. ^ 7. ft\l CllljjjJaaJI (_3l*-<s 

(Mixed Liquor ^ j JaaII Jjla-all ^ AiLua l l AjL^JI jI _^aJI ajoL ^ j^^JI 
SjIc] ^J) SjLij Lij ija aK.ViJ sUaJI ajail U .Suspended Solids, MLSS) 
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A-jjg 7. n\\ 1— iLj \ >\r \\ jA JjfUl a~M> jl ist^ j] aJi J] l^>]ai t^jjlaJI JjlxAJI 
o^A j^MA.'.,„Nfl 4jLc jl .JjL-aII jA AjjjJaaJI sjIaII ,J "A Uu%'\ 

."Ic. ja. dj jaSI" jl ^Lkloll (_)jaajjil 4JU. ^ ^ ^ LjiifLl] A^ai AjUjlJ ^ 
AILa Ajj^JI aj-£ll jl (jJ) I jki AjjI jA 4j1aC ^ <L^lall sL^JI AjIaC jl 

•j -'? "^V l ^gic. jU. £jJaa JjI^a ^ 

4jj$u1I <_)ija. £tf ja* 

s^l jj BOD —SI <S ^Aa-ij SJiaj AJa^lJI slaaJI AjIaC il*JJ 

^ V jli 3-11 4LIxaJI p l.^k2aLj Jilila-VI j*j t_jLaia. AljjiaJ 4_jj$all 

I ■ ll-luijl (jo ^laill (jhir 1 4Aii.l^ll L_S^i-a]| oLia -7- " ^yfc Qj 4jj£jll jl^)^ f 

<UjkJ BOD —II (j* lJ± jUII BOD ja=» jo elc . jljj^l ois-l 

jla]L CIsIaI jxll .lie.) ^Jj£^ cH 3 ^ (JjLoJI j* CU ft (j£l fj^l ^ 

JjLoj V <— Ua. c5-ll ^LUaII ^l.lVluiU t*llj t_jLuaa. j£-aJj .(fJ^J ^-AxIaII 

jWl'llI ^jj^aSI JaLajjl -7- (JaJj 4<Ljj£jll (_pal_j^l 

Al jas> jc j-uxaU 4ijia (F/M) Ajj^ a all tlL^jJaxll J) e lixll AWi jl 

AaJ 14-11 aLUaII <.m,Vi . r Uisll AujjM xa ^tslb BOD —SI 

4ikJ| 2LL^| i\jJ{ j* ^^Jl S^l jj f jJ AiJaAJI BOD AajE (F/M) 

.(BOD / fJ j/(MLSS) ^ s^lj) jl> ^ C j>^l J jk-JI ^) 
f <? .\ BOD 

H'T^ <14 - n) 

BOD Cjl^jjb jjc '^j^aSI CjLjj.-^ll *.liiJI 4+*j = ( F/M) ^ 
(MLSS) f l> r jJI ^ BOD dUI > ^) = (MLSS) j- ^jb JS1 pJ JI 

jjSLj jlial) p JJ^ ^ _jSl*JI jjJ^L<u t_ajx<ail oLia i— iLlmjl = Q 
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jIoLj CjUIjc.) jjUL 4 cJ j^all oUo BOD = BOD 

t4jj$all (jiaja. ^ j JaaJI J jk-all ^fl 4il*-all 4jlL-o1I j| jaII = (MLSS) 

.(t-J.»£.ftll jjLailj CllLaljC.) 

^ jail ^ BOD —SI <So£ cjUlk^uu ( F/M) jc cJjil>SI Jt*J 

.(MLSS) t> tt&II SJaJ j 

^V'* '*'*' (Jj^"'" t^ola SI Sal alia I (j-a_) JajaijiLaa 4olj jIjolJ (_5jllj tot aa SI ^aC. Lai 

J] 3hr <>a (<}J$all Clll jja) J jla all ialsoaJ Aiajl (jalooa LajjJj .(F/M) -laja^a 

.^Lj^Li <jiiij J^' f^ 3 ^ ^ AjLaSI j! jJI Jaliji.1 j-aj jjlj i30hr 

(JjjaSI jj-a A i ^i\-^"uiifl\l AjjjJaxJI jl_ixill Cllljlijj £saloll (_£joaJI jaA\ JOjJa' JJ^-° lS^^J 
l&jjbi Ifcji&ij iSLaaJI jaC <aj3 > aa \ oJJjtla ^ 0 > <a dljjia Jal .4jj£oll (jl^^i. 

^1 AAuulb aj_^I jl> (MLSS) J! hlSJ sLaJ jac jjJ 
.i^jLjliill "ilaa. j i-aj^l sUJ £ jUJI (ja Jail <J aS1*a1I 

IftLaaJI jaC. 

VXMm (15-11) 
55 e x2 e + 55 H .x2 M , 

j»lal tAjlaJI JaUla.1 (j-aj -LjjijJa = sLaaJI yoC C ua. 

. joilLl CjUl jiolka 4(^7 jJaaII J jla J AilxA 4oLa Jl ja) = (MLSS) 
(4j*fLa jIoaI) dAi _allill (jjj^/La 44jj£jll (jl^i. = V 

. jsiftj cjUljijika 4i_a jj-all sUal £jl=J (jajoll ^ SS = SSe 

jtLal) f jail ^ tllb jlUll (joaXa lJjj^II oLa! £ jlaJ (jaJoll 4ja£ = Qe 

.^jolL 4jx£a 
.JjIL CjIaI jialka tCjLjUall sUa. ^fl SS = SSw 
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.(f jjiL 4j*£a jllat) fjA\ tlAj jlUll jJjXa tCjUliill oLv*. AlS. = Qw 
tojlaiall 4ila-<JI AaL^all jl jaII <1iN > tliLjliill eLoa. jc. JJJ*Jjl j^i 
^JjJ .^JjJaJI 4jj£1] Mj1<u Jj£l 4jj*aj1 4aL*a]l jl jA\ ^fl jlalall * j>JI j1 
%70 ^J-^lc ^jjj^a a La £-a <MaL\jj Jjal Ja cs^ *J^}^ ^ ^ > ^1 .jIjaII £ j?- 

.4jK]| 4ILa1I 4jL^1I j| jaII ja 

1 <\g > ZaxJJ jUaJJjA jV jVl.n 4jj^j]l ojjSj f> j"> a \l a.1^.1 jj BOD <U jajs. jj 

jljp. ^7.^ (^jic-j 4la.lj]l i—a^j^all oLw ,_a BOD j£jj ^j^- jl-^AWJj u^ |,> .^l 
jl Jp. (jlj 200 mg/1 j£jj tlilj i_ajju<a a La ciiLLuajl tlilkj jl ^Las .4_jj£jJI 
.12.5 lb/1000 cu ft/day jj£i^ M-^ BOD <j jla 24 hr jliS 4jjj$j s Jia 
BOD ja*. ^ju^iluia c8 hr 4_ja Ajj^jII ajia ^ j > <~\'\\ jl jiJI jj» » ^"i ^j (jj j 
^ja*. jo jojsu ( F/M) uj -37.5 lb/1000 cu ft/day j^ul JlJ ££L 

jl ja. ^AaJ Igm n ^> JSl ^ jjaJI ^Uaill Aj.^jVl <lUil Leu BOD 

t(MLSS) CjU jU BOD &\£ jL Ate ji ^ jjjxjJI I i* ja£j 

i-ajj^all aLa o j3 J 'ajja £ j^jJI jj-2 ^JaJilall oLaaJI AjIaO iiaJ 

(j^AJ ^AjaS tlg-mij (F/M) 4.un\\ ^Iaxj (jl UK jjiiii-a jut H\\ j^AJ .3?))-iiafl 

1000 mg/1 aj^a (MLSS) j£ jj j 24 hr U jaa ajjil 4*1* ja 4jj$j AoU*] 
.200 mg/1 ajja BOD j *]ib U>j^ aLaJ 0.2 Ujja (F/M) b jj%^ 

Igjlj t—ajx^ll aU-a ^JlstJ jl 8 hr l&jja ajja ^3 (JJjIaj AjaALa aLtti. ^»Uajl 

. 3000mg/l ^Lu ^kl (MLSS) l+-sj (F/M) ^jJ 

jUc.1 j t(F/M) i.i-.nj tAlaa^aJI BOD CjV jasJ L^klo 4-11 Jj^?JI 

4JI jV <J^-3 jaJI Clilc-laSJI j taUaJI Sj jC tliV J«-4j '<JJ^I till JJSj caLaaJI 

<aL«JI JaAj] U44 Ajj^JI jl ji. ^a 4j £&a J (MLSS) jK jj jjUij .BOD —SI 
^ > ^q-N j a (F/M) -Ujou tlOOO mg/1 ajja jj^jj ^jSj ^ L« jac. j . Jj* nn\l AajjLj 
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(jill (MLSS) \J tSLaJI >.nnijj] Sik J jll j^iSj ^aJ 

.(JjjaII (jiajlall i—iUjouVi / j aUxaJI jaII ojLu=o i ■ UjoUji 4000 mg/1 jjW^! 

Jjixa t> Jj*j • 2500-3500 mg/1 U jjSUI jj£ jjII xjLa!! JUaSI ^ jl JLj 

oUaI (Ji.WI (jSJdJ! AjjJa Ajbau£ Ajj^jJI (_^a j2>. ^\ (JjJaII ^ja eLaaJI 'il jC- 

sLa LjUujl j\£ j 4%30 A K ,Vi J sLaJI jC J:1xa jl£ j] t^iMaS .^UJI LJjjuJI 

— II Aja£ ftija^j jjc BOD SfrlaS i—iLota. ^jja c3.0 mgd ijj^i i—a^^all 
. JiU BOD —11 ^ <>SUI J^j ^ij^ BOD 

^gJc S jjjLa cAjjgj AjIaC. ^ Igjlj Jj-ia jail j^jII AaJU all S$.U£ .jajxj 
a£jIj iijjjA ^ aUSII aKmiI jj t-jjujjjj j JjSjj ^1 Ajjj^JI i.Umijj AjLIs 

elsl Ajjjoi I " ll <n > \l (jli t jii^.ll ^gic-j clg^^la |aJJ AjsL^a AjsUa ojLa 

_JI ^Lou AMdl jjjhj J.^isn V ^Ij tAjaUall AjJaaiJ CjUaLill j1 (ajjj] 

jUijj .AjJUaII Aj1a«J jUJI Jajull ^ j tAaL-all AjLoJI i jaII ^kj tBOD 

.o^jl j aIjas* i ^ ijimj jl tAALoi jIja Jj^jj clIsLuxaII 

'(F/M) (jlc cAjjlc Jjiuiu Ja jJjj CLl^J cAjaJ oIa=J "-JAuiJJ AoLla .jajxj 
Ja*j .M^^ 1 t^- Sj^aJI j (F/M) <jjj LuU 30-11 Jlill ^?JJ .iUaJI j*e j 

aAxII (MLSS) jf\ Jij aLjU! Ajj^I cj| jSa cjlij AxLjaII Ajj^I Aa^I 

jV fcSllij cAjitc. BOD SftlaS Ala ^cjjj ^ill ja^I .<^I.Jj1 jajII jjLi ^3 LiWi 
^ Aijgjau Uj^SiJ AjjjJaxll SjLall jc < - la n ^jaJI Ajj^aJI (— lljj . \\ 
Ajjuoj -JJ^.J (J^J- cJ-^-o-J A^_W-^' ta ' 'cJjlaAJI ^jjiall ^^Icj .AjJIa (_Sj^]a 

.aJjILa AJjgj ajjajj BOD SI (jA 4 itaj> aJja^j ^ajou Aallc- (F/M) 
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(,j-L>Ij a-r) 




















0.05 0.2 0.5 1.0 

F , f a-JI rffl.MI BOD oljJ 9 L 



j| j-a J ja. j 4ia gjjjj ^ill j-aVi nj$\ i.lji a Jp aj^S <LajL3l 4 ja-uiiail aLaaJJj 

CjULc JSJ jfLy .^jLiJI (jSlill J 40 mg/1 Jc Jjjj 4iiL«-a AA^a 
V L>jU> laSJj CjLos jl JUJI J^uoll «.LuLoL 4-11 Jj^JI J Aaj^I 

Lal^a jl£ jl tAlLall j| jxl\ j BOD —II j-a 30 mg/1 ol ji*-a 

t0.5 Jj 0.2 U S1aA\ F/M 4jbaull JL>-a jl j^jjj .jjaLoj ^Uoiui j 

CLlV ja=JI J .jO^ll ^_fij^> oUa ^JLuaJ AjjUxJ a*U£ll Jl Jjj^j jll Ja. jjAJ 
J) 5 jJJ La iLaJ 4jjgJ till jib ^LuJ] <_al£ Oa. Jl jj£I JU-all lOA J 4 M->^l 
.*Lo1 > aJfll Jaiuiu j frLijl ( j-a ^LajoJI j cdllcLuj 7 
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LSj^l jll A laJiLall oLaaJI AjJlaua t*ll jl^r*. (j^s ^ jlijl (jjajiill 4_lfcjjl (j£-aJ 

lb/1000 cu Jj 30 lb/1000 cu ft/day j# L c jl JL BOD JU^ J ^ 

a jia BOD 11 (j j>si*W -L^ jlal Ajjjljll jjjU-JI aA jj jj j1 <50 ft/day 

10°C £ J jk-J ej j 30 mg/1 s j^a AlkJl J^llj 30 mg/1 
J E joJ (j^iiiJI JUJt J c^/j-a^ ^j .(68°F Jl 50°F) 20°C Jj 

J^aua ij^j <.£&j*l\ JUwJI J £3j jjaaII J jla *6jlj^- diL>j.} jl 44-ajUll 
(Ja (_g j"'"* a clilj ^-jLaJI (_330all Aacjj <jj£j (jl ^-^JJ 'ijj^ 4 ^ CH 3 ^ ( . ' "'^ 

^ jjaJI JaUull jkL .20 mg/1 10 mg/1 JU- J AikJI j1 jJ 

Jj 10°C jJJ 1-a £ j'j^ ajljaJI J JJ*J J£] <— L^ajll jl t axjJall jliLaJ 

lb/ 1000 cu ft/day L ^Uj^ JU- J CjUL*I1 Squalls ^llilj .15°C 

Jjla^ll Sjlj^ jLpJ J o^UiuV 'BOD —II t> 50 Jj 30 

.^jLaJI (jjajall Ajp. jj djl jaij Jc- <Jal IjjjIj ^jJaaII 

Jj t Jjrnnll ojj^. <?-jJj jajouJI BOD aS jAa. joJ La 4i£>UJI o^A ikj 

a juiVl<\ll ajj-ai-all Ajj^oll (jj^J l_LoJI Js .4jj£jll Clll^sua jL-^ La Aa. 

.^.lliiill J (JJ* iTill ^Ijjl J ^j^yu>l\ (J jla <i\l -ijJJ <j-a (JjVsiW (illij 4juLj 
Ljajl ^^.jIjj .'ojl^aJI 4 jui^r. djljjjllj ^JojoJI eliLj^-a ( . ijm"n V 

t ( . l j 1 n jail dlV^-a (j-asLuj .^jjj^all oLba ajija> ^J-^ i^j (jWJJ-^ Aalcli 

.->->■% (jlaflAJ ^ill j (JJJ-all (JAjJa jaJI (Jfrilaall (jc ^ajj Jd^' J 

.A Its ^11 (jx jliJI (jSJoll Jj (ja j AjjJI 
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Ajj^UI CjLLtfJ JJuioll j £$j*±l\ CS^'j^lal j^.>a :4-ll JjJ* 



— N *i jj 

BOD 




Sj5a 
(hr) 


(days) 


(F/M) ^ 

(lb 
BOD/day/ 

lb 

MLSS) b 


(MLSS) 


_J Alj^ 

BOD a 
lb 

BOD/day/ 
1000 cu ft 




90-80 


40-20 


7.5-4.0 


15-5 


0.5-0.2 


3000-1000 


20 J] 40 




90-80 


50-30 


7.0-4.0 


15-5 


0.5-0.2 


3500-1500 


40 J] 60 




95-85 


100-50 


100-50 


>20 


0.2-0.05 


8000-2000 


10 J) 20 




90-80 


50-30 


50-30 


10-3 


1.5-0.6 


8000-4000 


> 120 





a 1.0 lb/1000 cu ft/day = 16.0 g/m 3 -d 
b 1.0 lb/day/lb MLSS = 1.0 g/d-g MLSS 



CjSjj tlul£ ^1 j Sj^aaII 4jsuiulll eLaJI <JijV A^jUui CjLLadl oJlA 

'31-11 Jluill ^ £tlia ja jA USj .<jj^aJI L_Sj^all oUa! Ajjjloll <aJU-all 
■iljial #.1 jA CllljjJuljj -ijj-a Jo^ 3 ' " a (j 0, "OW 0, *SJJ6-^ L^J^ - 

^jj 4ojlc. Ajl^j .ijc. 4 J^hr.l (j^ljl (jl_^aJI (Jj^ 3 jIJlaaI (^-^J^P- 4 

j| 4aLaj (Jj^aljij Laj c^jjj^all aLl-a (JLi.^] ^aJJ 1 <\'nj cAoaujJj Ajjgjj (jjojlaJLa 
.(jljaJI (>» JjVt ejaJI jlHal (^Ic tSlljj cUaJjJj 
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M 



.AjjjJii ^jji^t iiij <Lj$j (I) . AjJjISj ik*ii» SUa. ijUIulI ljUuu! iliLlaki^ :31-11 <J£A 

^li J CLiljja (jja 4j£^> ^Jj^ ^jUj-^ jl 4-1^3 (^c- f.\ jA CLilclaa 

(JS .1— Jjoilla J jiiLi ( -< M J a JlLoI (_Lil£ <C_)_a-aj (jl_^aJI 
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.^^jtLa (_£_aia. j-aj Ja-aJ <UjjIa]l A \\Wui\a\\ LlsUl^kll (_£.luJI t-jl-luijV I Ja-aj ^CJJJ 
cjj^ all t ■ iLlmjl £a ^jl^iJI 4-a'iLa ^jfr Lu>,nj JjSj ^1 j F/M <U-oij ^j^lTn 

CjIcLoi 8 5 (Jj r'luJ <Jj£jll 0JJ3 (jjS I jJaj j (_>a_ai. JJC- £ jj-a-all 

dlLjj>>i»\l (jli tUj^CLa t— iLluijVI (jl JJLl£j tillj (j-a (Jj^al (jj^ (j^ (j^^J 

.4jj£j]| (j^aj^. <La.liLa ^1 l^j-S jC. Jj3 ^^Ikl-lll ^-ajJI Jjia tilj^JJ "> oil 

&aJLa .il-lal (^Ifr IxJJxji jUaJ ^jl ^ jaJI 4jjjj^-a3l dlljjl£JI ai& cs i& ^Jujjj 
LaJlic c*l]jj tjljSLuol ^»^C. (JSLuLa '-"» < 4jLa*JI o-l^Jj .L_Sjj-*»]l CjljjjJaxJ 

•ojjAII ajcLoiII cjI Juull j .0.5 mgd t> j$ <-sj^l aU* ^M^l 

(_5JjoJI c_lLluijVI jiliaj tj-j^ tj' '* JJ" ' (JAaII (J^a C_Sjj-a]| dl^/j-aa. ^ 

LuUJ^ ^-aic- IM i o^A ( ** Ijl ^ Vo\ ^ 'A^ jiI^-n. ^ ^J**- ^l^iLail ^.iC- uj « ^Juiajll 

.4-LliJall CjUljjuijVI £-a J-alsull L_ aJ^J J^ISJU j_)-a>a 4jj£J jJjiaJ ^ La&Laba 

6-11 JUU 

IAjjVI cjj^)]a]| i " < Vi ^jl (jj^JJ^ (jj^ (j- 4 4jaALa a Las. 4 Jaa. o <_J-axJ 

2.14 mgd = ft) ^ ' adil t_i\_ijuaj\ 
185 mg/1 = cJ^WI l^^II ^ BOD 
212mg/l = AikJI <jL^JI ijj 
t>a& 15.5 ft x 40 ft 2 tCjl^ j 4 :ajj$j11 <jil jJ 
2600mg/l = £ j J jK Ml 4jL^1I J 

1.0 mgd = jjj-^I a-ilc-l ^W^' 

39000 gpd = ^jx^SI sL* 51aS 
8600 mg/1 = ^a>-a]| olaa. ^ Aik^l AaL^xll jl ^all 
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15 mg/1 = AikJI AjL^II j! jA\ <15 mg/1 = £ jUJI jjajiill <y BOD 

4ikJ1 Ajkalt j| ^Jl t(F/M) tBOD <1 jas. a jj3 (_lua.l 



4 (40 2 ) 15.5 (7 .481/10") 
= 0.74 mil gal 



0.74 mil gal/ 2.14 mgd-24 
= 8.3hr 



2,14 mgd ,165 mg 1 .5,34- 
4 I40 2 .',15. 5/1000 euft 

lb/ day 

= 33.3 

1000 cu ft 
F_ 2.14 mgd .135 mg 1 ,8,34 

M ~ 0 "4 mil gal 2600 mg 1 .3.34 

lb BOD /day 

= 0.21— 1 — - 

lb MLLS 



212-15 

100 = 93% 



185-15 

- 100 = 92% 



:4jjgaJI (_paj^i d t 

: BOD —11 aIj^ 



:*iLa]l ijJI All jj uliS 



185 

2.14 mgd- 15 mg/1-8.34 = 268 lb/day 
0.039 mgd . 8600 mg/1 = 2800 lb/day 
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0.74 mgd ,2600mg, i .6,34 

:— ^ = 2.5 days 

2800+268 lb/day 

2800 + 268 lb/day 
1.0 

100 = 48% 

2.14 



(j&S. jj"> < A 

jj-> > n^l ^Il^lL Lai jj-> iy\ e \j\ jlj-aj ^JjJ ^JJ . dll J7>^»\l 4jj£j]l jlja. ^ > ^ }J 

j^JI j* jljlaVb Jj^aill <luailjj Mjfrjjll J^C- Q\y ui^1 jlc- ^tijj JJC j! (JjLui 
4_jJaikLa ajl^a. CjL^jdJ e-lj^JI (_)"^ 4jjLu<-a Aijjjia ,_5^)j£]l dlULodVI J - ^ 
jjak jjijJI i jJJjaiLaiVI jjljjS-all <J» lillij I ja-a J^ 33 ^ *l Jfr^ *ULuil jAjJaUJ 

^jlc bLoJcl Ki'".' jl jlal ^Uaj jj^J <*LaJU*aII dlUaawa <nllc- Jj . j.ia.uiSVI j 
oj!La-a ojLaj ^jLa-a j elj^JI La * >i ^jj llua> J .^jlfrU jj£I Saa i iaJt 

4*£Aj j . i. 'qjh'nll j )->» <UI jU j!La-all JJ^aJ ^1} -UJ^ '"^VLi 1 nun Luc. I jlc. 

La^ia jtj.la. j (JjljJJ t"lj^> J Jlc. jj"> ui^Sflj j-aJjous U-lLbjijl jJ-atil 'SF'J^ 

.<LaC-b jl <L^J a-la. j 4j]l!ill jj£j I alu 4.1i.laull j JjauaiiSI 

4juLa AoiaC-L Jaijj t 1— ll 1 » ^ "Uajoil _aJ QnW^a Jj Ajjgjll (jiaja. ^ i n'sj 
^^jJaLa ^UC Ajjjoi t^jUJI j JjLuJ jljjlall JUlLj ( jlill (—Ijjaiil 

Ajsuilall ala^JI j c^UJI cJjj^all oUa J£ JLkjJ Ajj .(32-11 J£j£) jiikjJI 
j-<4 J ' "j"^ La » «a dlaj (^jVI 4la.^a]l ^jjj (joauoi^VI jlc-J to^jlail 
Jl L^ja-a J^aC (J!)Li. (_^a jjjjjll ojlc-l ^)JC (jl jaJI dlLjjia-a ^»a jja ui^VI 
u (_Jj^-a <-tJ^^)J -^3 jl '32-11 (JfL^ ^gi ^jJa jA LaS JjJj jjjjjlU LjJa^a 
jj-a-all (J jSa-«ll (jj"> > "^Vl jlc- (j^LaJ j^atil ^ j^JI <— lij J _&aC <-a2 
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ftfult J&S. L«a—SL (.Ua^ gJaLt : 32-11 Jii 



%10j (j^jjlill j t jjJj^ll l lui £l ^gjlj (j* ^j^> .^Tluxill c_ajjuiill jlc. j .Jaij^all ^ 
^ £jUJ (jjLfil! ^ £ Jjk^al! ^JAuijJ fJJ ■ JaiMmJ jja-uiS^I j> %20 

.Ajj^jII (jl ji. 4 Ljjjlall oLxlsJI JJji «3l*Jj i'i^l*-ttll sLaiJ] (JjJ- 0 
.f.\ j^JI 4 ajajb AjjlLa islail! ^Ic jja uiSVlj Aj_4gjll Ljl_>*ll (j« £^JJJ 

BOD ClV _^ai. AjIIc (jLaj Ajli t4- 1 1 J*S>*\I jJXa La£ j 

(jxs Jl*^ l5 j" 1 "* oil i ■ lluU J^-uil c_Sjj^a]| aLai. ^^)]aj .Ajjikx Ajj£J CjIjjSj SJjI jia 
%1 (jic- La J-aC- <_S AjjoiJLall sLaaJI j] j] iA^jlill l$2l*£ gj-^J AjLoll i j-all 

.o-lAHuixJI Cllljlii] JjiL-aJI ^ajaJtj t'a\ Izxla Cjljl^k JLa a l m ljj t(jj> 

7-11 Jli» 

<-jjj^all sLl« (j_a^ij .32-11 (JSx'ill ig& (j^-a _jA l-a£ A£jJjol« ^^cl li r-i L_Sjj^a 
(jli t<al*-all A j i oil j| jxll (jx jUa (_J jia-a j t_llia]l BOD SI (j-a Jit \j jla-a 

^jJI ^ 3000 m 3 /d -j — (-jUoijI £Lj .UlJ lijjjj j « ■ V A^JU-all ^^-^ ^ 
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4jaJUJI Ajjjluill sjiiJI (> j .300 mg/1 <*ijJ BOD —II <>> <^ * -laxa jlaJ 

!l (j-a 0.60 g/d — F/M ; u^j jli t<^jLla ^j^^a sLaI 

aIj^ .4000 mg/1 Osi^l (MLSS) ^3 <MLSS) r l > BOD 
sUaJl ^.ftl j-JIj <2 hr a^II sjiij « kg/m 3 l ^j^l 3Lu»*il BOD _JI 

jail si& (^It pUj 4jj$jII jljp. ^a. JQa. . 3.0 d jA Aj ^g^ajxl] 



: 13-1 1 aJjIxaII t_JJJjJ ajl&l (^iasu 

0 , BOD 3000 m 3 /d . 300 mg/1 

— = " ^— = 375 m 3 

F/M . MLSS 0.6 g/d . g. 4000 mg/1 



3000 m a d .300 g/m 1 

: ; = 2.4 kg/m 3 d ( J jjL.) 

375 mM000kg r & v ' 



i?Sm i .24h/d 

= 2.4 kg/m 3 d 



k9Mxn s /d 
= 3.0h>2.0h (Jji.) 

BOD £ JSS (MLSS) £ 0.4 * j.u SS ^133] <jiAa 



375 m 2 .4000 g/m a 

— =4.2d>3d (JjfL.) 



0.4. SOQOm^OOOg/m* 



hi -iSJ^J 4 dll j_&JaLa]l l—kslj^j ta jjt i ^uuilLaj (JjjjI.1<JI (j-a 
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JlLaJj tAj£jjl£xa CllLj^-a aJojoiI jJ jl £^ jj-a *l J& aJojoiI jJ Laj jl^aiuAj (AiJ 

BOD —SI <S^a=Jj K-ijjJill a^J j Lui 36 (jSi 24 jjj L> aj.j$Ji uJjia 

jjj 4 » IjSj a di^j-aa. (Jjijj jl 1 g jS ajj AjUil AjAj AjjjaJI AaLaxJI jli 4<jJaikLa]| 
J^la. i_a^j^a ala-a ^giiij jj La <Liij.la 0.1a. j] j^-aj ^LaS . t—ll J l-> i Sal (_$l Cjj^a. 




Sj ni "in 4 — Cilj <L_j^jjju Sjji — us ^ii^ 4laa»4 Jjiiij <j-ijC. jlal» .lakLa :33-ll <J1A 

(J^jUII C-jUjouV Lu^I Cj^^s-aJI <>^a iaLua-VI JajS j* CjISjJaII ^a*a. jlbj 

JilibJ AlajLj (24-18 m 3 /m 2 .d) 600 - 220 gpd/sq ft a* c^ 1 ^ 

,^jlajj ^a£aujj #.ljA £3j 4 l-i i nl Ajj^all a^)aja. 'ol II .<LjJa 

J\ lj&m Jill Sja^ gJou* A^Uall StaaJI i*2 .(33-11 J^) CiU-Jlj 

V .<il jgJI £3j 4ajJa* j* JjUIL) 4la±a Jujll <JI j] el J 4 kJ jj 4jj$jll jlja. 

J7 j^^aaJI (J jla-all 4_iL^a]l jl j-all jjal jj s^Lj^j ^ ft i in (liil^ (j-a V^Jj .'ajji^a 
jl j-all ^Lajojll tilli •^JJ^I CH 3 Cy 'oj-^L^ 0 Jl JP ^ ^Jjl '"I ^' iaJ eA<J 
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Cyj JaijjS i_fllajj £a jl jaJI ^3 L-Ujj jj]L 4jLall 

Jjiaij JU-a jljlj .I-Iwj 1 g Wn (jjll tllbSjAll ^1 ^Ull (j* ojSjaII 

VJU^j .10000 mg/1 j=u J] 1000 mg/1 .ji^i^^L. MLSS 

J jU all ZJL*a\\ l\ jaII JJ^JJ JjJ 44_plc 4j jaa tll^j 4 jU <\ Uijj^a alxa 

.Lyjai ^ jJI 50 30 mg/1 ^ jJaaII 

- ■ '-^j '(jjj^-aj '^-O^ U^3^ tl^ 4 At i ii^a 4_l^a£j I " ll Saa <i ^Vlm'l 

lj| ji. 4j_a£jll a.la. j jj£i (jl j£-aJj .a jjir * j.la dllj^L (Jj2 j<a tal ^l jA 

tlsL_ag-aJ ^ 'iln.Ki LiiJajl LI_)a jl ta jun'i<i Ajj^jj jJ>a jjlull j)A 

tlsljlj^. "a-ilc- Ajjlgjll tlilajjAll Lai .<jaa! bjIjJ 4jj£J £-a alia jl tAafLuLLw 

aAuiSVl (jJliij . Lj-La (j "ill Jj3 4 jaALaJI i_Sjj^all aLaA. jj_)aj j ^ » fig 1 'al_og-a 
jjSjj .<Lauujj 4j j^joJ j 4_jllxll 4j«.li£l ^1 iVimVI £jLi 34-11 <_&^l ^ jJfall 
.^9 16 4 (j* Aj3 Jjl-% all (JjaC ^jlj^J ( - ^ ^iji SjIc 4_ij£jll O^J^- 

jj£j Laiu cAaljaLj jl Sj.IVki aliall 4a^.jliJI jl jAaJI jj£j t4 Saa <ill ^-sl Lxjj j 
CjI J . <i |j liu ala Ijlia. jl aj^la jljAa. 13 LjaJjC. IcUaS Lai 4 laJ i n jll jlj.iaJI 

. I ■ iLbaU ^U A^aja 

(jJJ 4a. J^>aJ 4jti^ fr Lul j^)aa1I J jla <\ll 4 7. i jSu jl jJI (_£j£a!I ^jL 
SjljJ 4iic jc. ajbc 34-11 (JSj^II jAUall (5j^-a]l jj .4jj|jjJ 4£jaj ^La^l 
in. a^iaS (jS^a J jaC- ^^Jc AaS^a till jLi tlllj 42 in. lA^laS <c\ SblLoiVI Aallc. 
jaII AJj^llI 4-aJaj| ^gic. BOD II aIja*. jj^j tjlja.^1 ^Jaa-a ^ j .14 

t> jj^I Ajj^I S Jia jjSj j 4 20 lb/1000 cu ft/day (320 g/m 3 . d)t> Jal S jjjSB 

.<cLai 12 
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40u»Si JdiiJ ijj^a (!) .kltfi SLS Jji ljS^ ^iai ^SjilSjn fjiiuw 4jl»C :34-ll Jii 

(j) dJliu 10 -Uua ^ yi fUl ^iUuu-V BOMO ja>» Jjuiul! oja 4«4j <jijaJJ Sjj^> (u) 
JjjaB i(iLj»JI j iijLj-uVI (j-Ua) ja JUeV! t$ja bu 3ia! cjUlud! jf&j Liaa-J jlai. 

(j) .Jj^ajll dja^ll JLuU Sj^ua .Jjuiull Jja ^Uu Sjj^a (j) .SUaJ! SjIcIj lyilfUl 

l^jjLij 4jJjaUJI jl jAaJl Jlaii .» jAviil! iuiUJl £l jiaJI jfJaj SiuoSVI JJUa. JJC ^la 

8-11 Jti» 

C-LaJj tal i-jjjL^al JjsljAJ eJj^a jjc. a jjir . Ajiluj-a Ajj^J 4 laa a l " ifln". 

.24 hr U j^a S jiil 10.5 lb/1000 cu ft/day sj^a BOD -Jl <> 
(iJij ^ .40 mg/l/day ajj^I J ji. ^ ^Liilll aUxaII <jL^JI jI jaII ^1 jj J-Axa 
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(^asj MLSS Ji\ J>4j flaJ JkU Jiiill BOD -J 4jji«JI JLuiill 
Jja 6000 mg/1 J] 2000 mg/1 i> jUijVb MLSS j£ Ji3 ^ lil 

24 hr (jiii Ajj^I Sjaa J ^1 1 jki 
if jJU BOD _JHlj*». / JlllL jifl ^ 

BOD ^/ day lb BQD /day rag/1 

_ > .., _ ^ ~ ' :.v-cu t'T. s:.4 lb.- 1.000.000 cu ft 



= 168 mg/1 



. 100 = 24% 



BODlU*Zw*]I 169 mg 1,. d ' 

6000 mg/1- 2000 mg/1 

-7 — — = 100 days 

40mg/l/d 



^gJc sj^aaII pljgJI 4-^^ LoJ ajLsIo a. \ A . > p e, jjjI^j "t^^'j *^jU> <-» <jj£i 

lilliS csjulj tllLaib JjJJ <t jljiJI (ja A \-\ 1 11 (jS-ttJ "-tJJjLjI lU^-J j' <u'j^ 

cjlcliill oJjj dilaa-aj .jj jV.^o ^1 j^j cjliiaUl 435-11 <_&^ (ji ^uaII 

dslc-lia JfLi (J Jc. JJ^-all J$JI I jai ( - n^> \ 4 <ua i A is jojl jj jl L_l j£ tjc ojUc. 

.(I 36-11 JiSlI ^jl) IaJa-.Il Jjla-oll ^ jiSass 
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cjlaiUJ! Jjj j^IU S jiWUII Ajj^I i^Jaii J jjj S JjU iliUiLU S jj^a : 35-11 Jl" 
ilUJalfJI (jijUJl jlaJU ji u <nM jliil J^iu ja^j ji iuljjfS Ci\S ja^j 

^gic f.\ JJ^J ^1 J-a (j 0 'jW^ <j=rfc* 'J-'* ' ^ (— llclifll! Jul jj tlll^aua Lai 
^ jj (jl L>* f^-J^Wj •('-r 1 36-11) JfLilL joxa jA La£ tajjir.i^i Cjlclifl JfLi 
4aLv j»Oju jlaJJ sjJJ^li tlilclaall jjjI jj <jl VI '<pjS ^jLojoU ^-^Lll 

/j ^-x. , ,XV 1 ^ Jq*^ ^ p. 1 0^ 1 J| , ^\ ) I ** p.l Pol l djlfifllj ^jo-ftJU 1 13 ' iAjLj-L^l 1 ^ \j4 

1 ; La i ii <_J jjjl jl tlol jiiLj IjjJjjJ jl 44jaal L_LpLa^a Lai AjfLljl^Lall dlLj^-oJI j 

.4jjgJ alia ^ji Ljj?- sjjaxaII sjlj^ll 4ii*JI jji .^jSLj jjjjjal 
(j^s Ja jxjJ»a]I £.l_agJL -ijjj LH aj_aA3U« 6.1a. j jl 4 -la In id a^a.j ^1 jSLiJI (jjJjjjll 
^Jj5LiJI (jojjjall £-^-<aj 'ijjj- 0 ^ ^j -0 l3.)'^"^J •ojlj-iil e^iiuall dtaj 

.lie- "-J JfjVI ^>JC (jl_^3l ^li (j-a (J_ala-o]l ( ■ 1"» i ii aJJ t " LLa J ( ■ 1^. i n L-J_afjl 
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(a) ty 

I jjt-ufl LjLclii LjLi^Li (u) i»>uS CjLclia CiljiU (i) CjI^U ialajSf *UJ1 jj^a :36-ll 

(Sanitaire Water Pollution Control Corp. 4ial>«) 
^3 .37-11 JSJill jJfa jA US tjjiali AjjIw ^jLc. jj> '"^ j] 

joauai^Vi li^ilgiJ Jjbt-a jjUj (jji • <— a^tfill all* ^ji 4jjjJaa«JI ojLall (j^ajjb 

Uj j-Vl j BOD —II l£ cAjj^il oblac. ^ jjauaiSSU ^tii^Vl ^jjj 

SQaJJ BOD —II joj L, jjiflj BOD —II jrlpJ jiL . j^.^^U 

a^S j a La> J (j* £ jUJI (jaJSlI BOD —II ^ ^> JJ^ '^.j^ t>= j^- 

t jjauaiSVl qa Lj j-<6U jrln^i ^1 libjax t4jL^all i_fijj^l J ja ^ BOD —SI 

:0 2 ^U>l 

Q(BODi - BODe)-8.34-(TSS <-i ^) (1.4) 

+ (BOD (SjjUJ cjULu^VI j jjjoSII J) 
+ 4.6 Q (N0 3 ) • 8.34 (16-11) 

lb/day J jf=^Vl = Q 2 ^ 
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4l<£ 4^jj4j1I J) JaJ-afl tiaill ^ BOD —II = BODe t BODi 

mg/1 jjIjJ! ijjjaII t> ^ tJ*^ ^ BOD — SI 
lbs/day . 1.4 lb BOD/lb TSS ^ jittll JjjJI <> = eij^l ^ TSS 
jb j£- SJjUI cjUU^VIj jjj^I si*- cii^ttl ^ BOD —SI jl 
BOD — SI j t c_i j^JI ^ TSS ^ BOD _SI jl^ jjj&j . jsj* J£ 

mg/1 c4.6 lb BOD/lb N0 3 £il J\ *J>UI U _^Vl = N0 3 




diULkJ j^jSj jl Ajj^iSI cjl'^tJ (jijjjj .o jjiSI cjU.L1s.V j 4ji*ll djU.Ljla.!il 

j a J — Jj£ a 1 Vl i in j .Ao-a jjSI S Jjill J A^aaSI S Jjill Cllla.lua.1 IgjS LoJ CO jj^SI 

tt_jLu^_j^l j BOD —SI yi cij^iSI ^^Jaiol 2.0 *>jii S jji Jxle j^^ll 

jill AalaiSI ^jiSI ^jjc A-alc S jlaj p.U3J cX-^ij l£S j 

S-iir i >i j ajl^p. (_£■}! <UijJI sIjaSI J^t-a (JIaj j 4^jI^*aj 

cLaSI ^ (jv> "i^Vl (Jail lis j S jaJull CjljLikVI ^1 <C-\ WimVI Vnun j .jjJjLw-a 
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(jx OJa*ia JaLai! ^I.VVi.iL Aaaill eLuJI Jai L_lVa»-a 5-11 Jj-^ Jfr^J "C?^ 
i^j^j^all aLus (j^ajL^xk jLucVL <_jVa*-a]l aalj V . CllL j£-all 

JlaJ j .(jjauoiSVi <U3 JJ^J iS-^ 1 (3^*11 -ijc- -^j^- 4 ^ -Lij^allj c^giiLall m^S/l 

iUij^II 6 Lw gj ? .n<Vl Jail JiiuJI AiiVI *H*JI 

OTR = SOTR of 9 T - 20 ( PC ^~ C ' ) (17-11) 

lb/hp-hr, ji lb/hr t<_ijj-all oL* jJ 

.kg/kWh, 

cjjJjLw-a JaijJaj sjlj^ <ajjaj oLa! O2 = SOTR 

.lb/hp-hr, kg/kWh, Jlb/hr 

lOA JJ»^ J ^h\Mi\ bilA] Jaj Jaa-a ^J] l_ajj^all oUa 4jja»j = af 

jas^a <_jab Cjljliikl qa L3JJ Jj^ajjll j»j j^jI! JSill Jjsua 4-aaii ->j > nqnj J-aLtll 
oLw lllljjjfc (jrti^i'n jgi lal oLuJI ,J Jail! Jax* ^jic. AjlSa. L_ fij jla 

4-aj3 (jjLiL .(_gjJ(S ^ l — J _9^J l— Squall 
La ^jJaiklttll lill ^a3 ^ J^JJJ .<— SjJ-^all alj-a Qsyi > *akj tMLSS JJ^J^lj t AjL ^ 
4 J^il Lai 4<jjij 4jLa£ V ^ <Jaj^lall aLaJI CjUaa^a 0.4 0.3 JJJ 

J*l& ^aa ^ jl Ju .0.75 0.45 jjj La ^ jl JE ^ Cjlaa <u&ll 4jjjill 
a f ^ ^jljli iJ^Ji jLlkVI c_jLo .0.9 0.7 j# La *UiJI d/jii 

0.8 0.7 OJJ La j Sjjjcuoil ilAclaill ^ 0.6 0.5 Qa ^ -M^-ij^l 

1.024 = Sa^lj X Sj jaJl gja ■ = 9 
C° a^j-^all oLui ojl^p. = T 

tjjj La JU-all t^aJU-all aUa C/4iJai elfa C = s^vl J X 4£Ai2ull Jj*-« = |3 

.0.95 J! 0.9 
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LjuJa j ajlj^. <^-J-i t5^J JJ^JJ^ 'mg/1 cujljlll jj-> uSfyl = Cs 

(_^jiajjUll JaijJall/^aull ^Jajoi L^J^" 4 JjW^ ' J Cs ^^-^ • UJJ ' ^ ft 

<L Pa jaj ^gi JJ^JJ tmg/1 j j-> ni^V I = Ct 

(j^ajaj ^ (JliaLill La >>>\ ^Aj^u) 4mg/l 4<— lliUl (jj-> m^Vt j^JJ = Coo 

Coo = Cs (1- 0.325 . diUll ^/Dc) (18-11) 

Ls ^ llua. Coo j Cs tlu^. 
Dc = 10.34 diUll J^e, jl£ Dc = 34 distill ^ jl£ |j| 

02 r ^ < lb/day) 



hp = 



02 - - lb hp. hr) . 24 
02 E yfaJ (lb/day) 



(19-11) 



02 .-, lb kWh. hr.', 24 
e 02 

FE-p c 

Qo 2 



Qair =" 

CTE -p^/ -24-60 



Ore 0.0174 1400 



(20-11) 



1 ft /mill 4*1 JfrJI t—lLlxjajl J^t-a = 

lb/day 'U J'V"^ l& J-^«-« = Qo; 
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45-11 J jJaJI gi 4ajj-<JI (joauoiSVt Jaj = OTE 

0.075 = *l fclSS db/cu ft = Q air 
0.232 = *l j^Jb u^SVI = f Q2 



SOTR 
a (0 2 kg/kWh) 


SOTR 
(0 2 lb/hp-hr) 


% 






4.7-2.4 


7.7-4.0 


39-20 


M 33-11 




1.8-1.2 


2.9-2.0 


15-10 


1 33-11 




3.1-2.4 


5.0-4.0 


27-22 


19-13 




2.1-1.2 


3.5-2.0 


18-10 


29-11 




2.2-1.2 


3.6-2.0 


18-10 


£ 40-11 




2.1-1.2 


3.5-2.0 


18-10 


J31-11 





.kg/kWh 0.61 = lb/hp-hr 1.0 a 
in. JSJ %1.6 = t %0.75 = Sj*S 



o js\\ j t-\ ^-iLlJoul 4iUa ^^ifr 4_Jj£jj1 tllljt^. j JJC. J-aJ*J 
£J*JI ^J^/l .laJI ^1 tjS-aJ La "-JjsLs ^Iki!! Jij^iJ jl C5 ikla]l ^ Ij] t jjSjill 
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9-11 Jli« 

^jVI 4jkJI <J BOD —1\ i 25hp Ifria l£ AclkU ^Wiun 

JjiSiJI BOD c5 *J 0.5 mgd cjUouVI ^ly • J-^ J-**- 4 <->^ 

(jjJj '50 mg/1 o j^a ^ jLiJI (jjajiill ^ BOD ls j'^ a j 180 mg/1 a jja JiU 

jj la£ tAjji a jSj V .sLa. 5JI jj jl jjJ fiicj e_iLu*j| ^1 liliA 

^tua.! l_UaaJ .15°C SjljaJ 4a.j-i -kjj jla ^Jjuj .5 mg/1 ojis ^Lla DO t^lLiA 
.CjLjjg-all J^fc j tc*lja*aU 4j1£1I . aaJI o jail j t jj-> > aaVl 

0.3 =a 
0.9 =P 



Coo = C s 10.2 mg/1 5-2 Jj^l jtil 

(5-11 Jj^aJI jJiil) 0 2 /hp-hr 2.8 lb 4jaUall ^Vj^ 1 ^ 
Q (BOD in - BOD e ) 8.34 :0 2 

0.5 (180 - 50) 8.34 = 540 lb/day :0 2 

= 1080 lb/day 2.0 aj^a .^l^u <_Ue ^ J 

„, n 0.9. 10.2-2 

OTR = 2.8 0.3 1 (1.024) 15 " 20 . ( ) 

10-2 

= 2.8-0.135 =0.375 lb 0 2 /hp-hr 
Q, Ob/day) 

h P = 



; ^, (Jb/hp-hr) . 24 



1080 

hp= = 121 hp 

F 0.135. 24 F 



• 25 hp (J^ 4£.Uaajail CLlLj^a jm^ j! 



862 



10-11 JUL* 

.t-ijj-all ohuel AjK 4jjHJj BOD SI <SljV Ijpu-a Cjlcliaj j»Uaj ^.liluiJ 

2000 > j£ Jij *18 in. diUSI 18°C Lk »\*. s J 4^ ^ 

iJJi-u^Vl (j-JjJ ^ .2.0 mg/1 a jJS <_ll:U ctf?ua£l ^Ua jl L£ tmg/1 

^ij d40 mg/1 jll JilJ 3^ BOD j£ JS j U .3.5 mg/1 • j^a 
.23 mg/1 Uj_5-aVl Jj^jjj '23 mg/1 aL^I <> ^ J^' li 3 ^' 

0.65 =a 
0.95 =p 
0.75 =F 



C s = 9.5 mg/1 (5-2) Jj^i jliSl 

Coo = C s (1 - 0.325 . c3^/Dc) 
Coo = 9.5 (1 - 0.325 . 18/34) = 9.5 . 83 
= 7.9 mg/1 

0 2 

= Q (BOD in - BOD e ) 8.34 + 4.6 Q . NH 3 -8.34 
= 3.5 (140 -15) 8.34 + 4.6-3.5-23-8.34 = 6740 lb/day 
2.0 d j£ ^L^i J-le ^ 13500 lb/day J 

OTR = STOR 0.65 0.75 ■ 1 ■ (1.024) 18 ' 20 -( ' *' 5 " 2 ) 

= STOR/0.413 
OTR = 13500 lb/day/0.413 
8.3 0 2 /hp-hr = % j^JI uJ^VI Cjl&laa Jaj 
hp = 32700/8.3/24 



OTE .p alr /02 -1440 

13.500 
0.36 . 0.01?4.144Q 
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LjLLudj ( _ J JJJiuj| fAA*£ul\ 

Ijtjiuil jj^JI ujjj^a alj-a £-a ^^j]! A I-iiVi<\1I oLttaJI 4 <\h'il ojlc -» ,n i ^"i 

oLid jjjIjj jl 7> all ^LjSjjI (JLa 4 4_iLa^a]| L_fij^la]l JJjIjj Aj^ii. jLuoVIj liili ^ 
^j^^JI a lxa ajl^p. A^J-i 4 k^ataJj tU^ajl AjalLall <_aj^>lall j . (J c\jj^al\ (—S^j^aJI 
oAA p laJ i jJ jj t<3 ja^JI tliV j^ia jlili-i ^^ic- jjjIjII j tAjluaill L-iajouVl dsl jjij j 

4jj^j] jajII ^OA^aall jla tjjiua plia ^ 30 mg/1 (jc JL BOD — 51 (j* 

Ia jA3 4 j <\ ■'it BOD a\1 _a-<^. ^^A A,\ i nl i ill a jji " oLia! AjAjlaj 4j_ajlj 

Jj btnJ j .6 hr ,iJLu UiA Ajj^i S Jia j (640 g/m 3 . d)40 lb/1000 cu ft/day 

lb Uji (F/M) 4jjo»j (J-^ lSJt^ 3 AjlaaU <j£-aJ tAjj^l Siisk-all ^jSSI 

AikJ AaL^I i J«Sji j t BOD/lb/day MLSS i> 0.3 lb J\ 0.2 
• 3000 mg/1 J\ 2500 mg/1 a j^a ^ j>J! J jkJI 

SLaaJI 4-^a£ j 44j Oijjall ^jj ^1 jgJI <Ua£ jjc Cli^jUr. JjAju aJJ 

>a*Jj (F/M) (MLSS) — SU jl a^'j IaAjjAj L«A j ilfr^jla fJJ 

L_ilju3l j jjA-a]| UJ"> '"^Vl JJ^JJ J j 'l^yj^j lg-uiij ^^A (JS oJjIjll i_ajj^all 
^^ic- elL^U AjjjjjJa '"'Ij"^.' jIjaLoiIj l^.^)ia ^ajj oLttaJI (jl j tljjm'i Clulj Ajj^jIL 
OjLjljj ^ slaaJJ Ljaii-a U-jia Ajboull ojiA L r iiajj A3 j .luls (F/M) <iuu 
. Jsl lA Saa <\ll ^^Ic. 4j j i >>■> \l 4J_oAaJ jj^J LaAic. ^jdjaiVi 

tBOD —31 <S >aaJ -ijo^MI aJ3 tl^j Owj Aa. A J Ja«j LaAic j 
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^jj^la Cliaj jja > nOU jAv^aS l_jIjjj]I ^^Viin* jl jiLaJ i3J^y^ -iaLT4a.VI 

JjISjJ j AjjjjUl ajjjj^JI <_jLuI£]| ^ (j^ilV^ sLaaJI C-^ 3 J*-=aVl 

(JJ^J V j! -UaJjji H-llXall joauoiSVl JJ^JJ (J-aliij jJauuuf&Ll jl-laVI 

jjj^I BOD —II All jl Ul£ £a.l Jj Jl 0J A ^Lall CjUl jaJ 

(j^aai t^Jajjjlall aLaaJI A-aJlam 4j2I^>aJ 4jjfa-a]| jj-ajai]! j <\ > aJJ 

JjLSJI AikJ 4jL^3I ijJIj BOD _ll ^ ii^j t(MLSS) j£ Jjj ((-J&ll 

t*l]j j 4<U3 BOD 51 ^ jja-aj Ja.1 jJI (jSjjll 4ij*»a ^jjjjJaJI j jUJI 

4 i\ i tall jI jaJI JJ^JJ ^SJ .AjjgjJI ojj3 j t(F/M) Ajjaij j c4jjjJa*JI 4j j-aaJI i_lLu»aJ 
l_3-a£ JJ-i2ll ^)JjoJIj '(JjJaII (j«a (jSJall 4jCjjj 4ojjIxJI 4 l-ini'mll oLaaJI ^ 

o^li<J JJjiill SjIcV i-l.,nUJ Jaa-aJI j& t_jLajl*-a iSjJ^ <s* sLaJI <iUa& 
.<a.j^lxa]l (_a^£i]| iiLaa. ^ 4jl^a]| j| jaB ^ > taSI jjajj]j l4 \\nr\\ 4_Jlla 

t"llj\flr- (Jj t. u'u jljiLuol ^JaJ <JC.l Ur-i\l L_Sjj^a3l oLia jj£j La IjJjS 

(jjljjj (JaJ jlj jja ui^S/l <-_sl jUjuib n"n j! <Lajj-«a dlV j-aaJ j^AJj .4jj£j]l 

4^-JjjSaSI (J^jVLi (J^-^j ^Luill CsUiill CjUjSI jS-ajj jJaJI ^Uaill 

La J£ (Jlui'jj . CjLj ii-aJI ^3 jaju ^muTl (jl CjIjjjA jJjSJIj AjjiJI ClUiill jLaJ LaS 
<al*-a]l o*L& £aj JiJ gjLllLj '(JJJaII (J^^ 1 uLui^l ^ (MLSS) 0-^4? c3^ 
.4jj$a-aJI t-jbjjJaxll ja*jaII jjfr £jUI IjA 4->/n (F/M) 4_baU <a.l jLj 

dj^j-aaJ (j£>aJj .L_S^j-a]l aL-a <aJLt-a 4jjl£-al gJjjfc (IjLuSj 6~9 ojaiJI (jialjj 
4 jJjla-aJI ^Uaj ^LaUjIj t(Ja,ljiJ (_>ajli ^jLljuijl (j-a <ajUll 4 4j£j] j j jj^JI 4-aJj^all 
f->» \l jl_a-aJI j ^jajjJI £yb oJjl jll <3 j"^ ^ jjjJaJ (JjLa-a jjj-ia dllj (jl 
dlljaal cllilS jjj ^gja, 4(jjj-aJI j-a (_pajlill L-jLijouVI (j-a 4j]lc- <— l^ajt-a] (jLaJj 
.^Uaill LjjjjjJa aLaJ] <LU ^liiiii n\\ 'oLaaJI ^ LaU U ja. Jajj jl 4'ojJj-aa 
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^gjj oJjail j jJ>A-ali Jjla^all 4iSj£ *.Uj ajlc-V ^Lll AjuJal jJ^\ I ■ llLlj .iS j 
fiL-a^J ( Lua ^JplS ^LS-Ut-t al l ll fil l ' Liui ^)J.laj a i 1 ^ la ■ a (^JjJUioui (F/M) Ajjuij 
l_lluia. i^g*-^ '"M^J •'SP^jj^ J joj^ll j tAjjoaJI <J*I j*JI <_£jaj «Uajujla 

t(MLSS) jf J>j c^u^JI BODj (F/M) dj^^ Vm.WioSI J w £tf>la 

.a^ la o ^JJ£J 4j1o*J Ig-J ^g-^ J-a^l ^>J^ £-a W^J^°J Si ja£ j 
(jl (MLSS) t_ UjujJJ (j^ajL-aiJ 4_]jj-aJI 4j2|jaI3j i_gJg->.nSI (j^aailS (j^aJ 

— 4jJ±jll cs Jfr Jjlujjj .JjSlSI A qjT I >l CllljjSj 4jS-|J-N dlU-aU J_4=WJ t Lj&J 

Jj^j] ^jjya-all jla all jW-^ L>° J (jj^*^ iaLaaJI (j«a AjjH]! 

j»jo ti—iuuJa (_5 J - *-^ ' ■ ' ^/'^■.'"■.'^^ <-W _oj«-1I_o . djljjill 

(jS-aJj .'ojljaJI (_s-j-^J t4-al-ui jlj-a Jja.jj tCllU^x-aJI (_>£aaj j 4t.jl.LaSI (jJajoiSVI 

jjLaijAll Cliljji-a jSjJj l^I-IaSI (jj7> »h^SH 4jSi£ ^ ^JJ.'"^ (_>a J^ill -I ^'i , „l 
(jli t^jjaJI -LLouSI (J-ix-a jj^->q-*»"i "ojl^pJI 4j>jj t^JJJ (jj^ cs^i ^J^J 'Oi^jJ^J 

tl jJaj j .BOD —SI <1 ^aa. jLjj^ IgjLLa I jjjb AjJaiklall ajl jaJI 
ajljJjuuiU (j£-aJj -(jjjj-aj ^Jj$J ^Uaj] 4_pljjjaJI (j-sajL^akll jlijc-Vlj ia.jJ (jl ( ; l~> J 
ojj£]| J^^jj i . UjoiAJ ^jl tiajLaj t ^^fLljl^J-a ^J-a-^SI CS^" 1 ^ -A >/n ajjlj>3l 

^l^j (JJjJJ ^ i_lllujVl (Jj-^! "^J • JlLa ijji n jjIS 4_Aj\J Clllj ajJu^ <^l^^.l ^l 
4-LjLa (jiajli t_sljja»jl J^a-aj iaLaaJI ajlc.^ tjuil'la jjc. Jj*x ^ ijlxi JJC- 

LIS Aajjaa AjJ^ (j-^J >*j 7-11 

(jLjaljiiaVI j **,.'JJ^ SI ^^juialjj ^JjaJ jj_jlaj (12-3 «_>S3) 4 i <i djljjUuba 

.U£ jjax, j "j^iuw, t-jUuij! ^ j ajj^j jl Jp. COD _!l J BOD —SI 



866 



4^ — 



Se .( V r s i COD ,i BOD ) 



u k Cu&l o! -(31-11 &JbuJ) <Jji d^Oyhtl jOa- JjS > JjLL* dUlL-VI gfeui :38-ll Jli 



^cJsujj ^liiluil joj La Aa^LiiVI AjijJaLijll 4&U3I 38-11 L&^l ' L^aJ 
<_)£ujj . ^jl j ^Ja3 j^uSI £aJ jj j jJa n*1mV I ^Jajol jj£ JJ j Cjl j'nmV I 

.3-26 <J^I ^ Vn.^\l a^j aJjU-oJ (JjLIm ^ iVmSI \'m> 

Jjlaj £^IjOaJI _j-ajJI JJ^a <ji ^AjJaikla (F/M) Aojou) dll AlLalVt ^ S-iml 
jLuba K s (— ulall jl ^ Jul jll ^Jaall £jti3 aOsjall 4. u >»Lj jll 4<u.ill jj -^I^SI 

iJ^xaII i <nVil jLuia ^JajoJI ^l^aJlull jj^j LaAifc lilSi j lHulVI ^Jojoi jjSjjS 

38-11 JiSB ^ ^iVmH 4LU-.J .aJUxLmV ^^^1 
r su = k - — V (2111) 



COD _SI J BOD _SI i> mg/1 ^^kJI ?\mJ = r su 
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COD -J ji BOD -J t> mg/1 ls ^2\ Jj*a1I = k 

. f jJU MLSS t> mg/1 J<J tJ&ll 
.(MLSS) —SI t> mg/1 aJjSII j^Ji = X 

ji BOD —1\ j> mg/1 tAjj^a-all djLjjjJajJL Lja £tJ=uJ j£jJ = S e 

cJaJI COD -JI 

4 k/2 S jLawi K s (jjSj LaOjc ^JojoJI JJ^jJ jUi^ 4 jj^joll tlulj = K s 

i-J&fl COD —II J BOD —SI t> mg/1 
cj^U-J! 39-11 Jlill t^fl >Uill l-jL^I Sakkx 

j^gjLliSI I^Itn <>ll li& jj-«JJ .LaLaJ ^jJao 4 LxulLo iaLa^. AjLoxJ A J > ^ilj^SI 
jolL AaaiLa jtLal 4 Ljjj-aJI aUa] <JiUI (jSJull Jjla-a = Q 
.^jjILj AaaiLa jlial 4Ajj£jll (jl^)^ (j -0 JJ^^SI AjJajlill sLa^JI J^a-a = Q w 
.j» jalL AjaiLa jtLal 4£jUJI (jSJoll J^aua = Q - Q w 

(Qr/Q) j^j^ 1 = R 

<JaJaJI olaaJI JJj^J ajlc.] Joa-a = RQ 
AjjgJI ^| ^ (.jUouVI Jo*-a = Q (1 + R) 
.AjaiLa jlial 4Ajjgj3l (jl^i* "?• **■ = V 

.MLSS —SI i> mg/1 4^j^lSI J> a^J aI&SI j£ji = X 

—II t> mg/1 4jJjilll SjU* AjaJiiaSI slaaJI ^ Ajjj^JI a1&11 j£j> = X R 

.SjUUI ss 
.^r jUJI jjajaSI AjjjsJI aI&SI jjSjj = X e 
J BOD —II t> mg/1 <i_ijj-all aUJ Ji.U (jajull ^LJI j£jj = S 0 

lJ^II COD —SI 

AjjglJI (jl Ji- 4 jjjJaJI "ojla-a oLa^. 4£ jlaJI (JajaSI ^ ^JajjJI JJ^JJ = S e 
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Laa AAjj^a 4hi«u SLaa ljUuu! kU^, - 39-11 Jii 



(So - S*)100 

— s — ( 22 -») 

^jla 4juau tcJjull COD —II ill Jjl BOD —II All J S»U£ = E £ya. 

9 = r (23-n) 

? U t^jjjjll a jj9 = 0 £^a» 

f/m = -rrf- = = (24-n) 



q 

QSo So 



VX 8X 

BOD —II —II t> CjUI jc. t<jJO^ CjUj.^.H - eliill 4_u-j F/M t-ua 

^jj^l! j!> ^ jUkl! MLSS _J (> r ljfc J^l fj^l ^ AU:i ,„J COD J 

j»LI t^AjlaJI JaUu^l -la" jl«) sLaaJI ^ac = 9 C 1 - 

<1U. iajjji CjaJ 39-11 jSjill ^ aVi.Vi J oLaJ LSJ?^ j 

.C_S^L<all oLa^.j £ jLill 

r g V = Q w X + (Q_ Q w ) X e (26-11) 
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£u^'u>A 1 12-3 Sjaall ^ 25-3 4LU»<JI J*^ J-^*- 4 Jl\"'"ljj 

:J^\S. r g t> 25-11 *bl**ll 
(27-11) 

^Jajoi (j-o ^Ls JSJ jiUlj AjjJ^JI Ajj£JI o-AjJ (j-a ^J-a Cj^ull = Y ' " 

r su /X j^C- jill i— ll jnniVI ^Jojoi -I ■ V^*' ■ "I JoxaI J*j£ U Jli-ibj 

^"=YU-k d (28-11) 

^=^> (29-11) 

(30-11) 

x ex 

j» jail jjll Cjl jTudVI ^Jojoi ^l-iiiail (J^«-a = U ' " 'J**- 

r su /X JJ t> 27-11 30-11 aIIxJA ^ o^J*^J 

:Jj J-^ t ^1 Jill Ajj£ ^ J=J t*Ujj ;V/Qj 

v= <31 - H> 

(jlaliV j^fl ^Vmn 21-11 aLUaIL SUaa-all Vj^l 4_£j=>^ jj 

421-llj 29-11 jiibU-all sIjL*ojj .K s g;USyi ^ ^ *Ll*x 

Ajltlll 4&l*ll (jlj '30-11 aLIxAj SJOa^a 

1 IT. 1 1 

-=( — )+ (— ) + - (32-11) 

U K K S e K 
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jrtSS] ljLu^ (jLw '(31-3) <bU-J cY obs J^XJ ^jU bUUj 

32-11 aLUJI (> ajjj^JI ch^^ 

i*<? !'5 0 - 5 e ) 

P x = 0 * (33-11) 

i+k d e c 

.^21! (jlji ^fl pti .1 
•COD J ^J>ja BOD jj CjUnJ £ jka, .3 

s^lc-j -ixi. (j-o (JjJ j 4Ajj^j1I L>* ^ l"inn<\ll sLa^JI (J^ajli jJa ^JJ .4 

C-lUliuiVI ^Jajai JJ^JJ L^J^y ^LJG-^ U^3^ CS^ '"^ llLaiVI ^lim j^JJ .5 

dul Jill 4jAi*ll ^»jall j^VI i . llkL tlaUi 4a. jj^a 4jj£jl 4jjJa\jjll djVU^l (JjaLuJ 

COD _SI j BOD _SI t> £L J£l s jUUI <jL^JI J jJ ^> £L ' J-^ ^ = Y 

^jj ,J «4jjjaJ <5j£il Jkj J^U-a = k d 

.'U'±A\ COD —SI J BOD -J j> £L t^USyi cjij = K s 
—11 J BOD _ ]l i> iClxnJ^\ ^kui JU*!^ t^-aftl <Ja**lt = k 

.fJjlL ojUa jIja ^ ^la Jil Ajljull COD 
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a.la.j f>\ laJLoib 4^JIxa11 <_Sjj^I ali^s AjLli ^aVl L-lHaJJj 

CLiULiJ CjjS jj lit V] ccluljjll oJlA Aj-laj] j;-^ n\\ (jAiLjLa ( _ s ic dil m^; Alaudia 
L_a j jJall j^A jn-s all ^gk Jjioioll LJjjia jj .3 ka Jl <_J^1£ (JjAjLs (j Jc. <uilj^ 
AlmLai iijj cAaal£ J •^ialjjll iV^lstJI (jlSLil ^ AjJajaLJI 

LajJ 20 J 3 (JJJ jljJJ 3 alia ^ jLaol Clilj oLaa. CLiljac. ^gic. AjjJjaj dsljliia.1 
< jrt"lnio j (jjojlaia UjLujuI dlV^*-a lillj ^ji LaJ 4 jlj&Lail <Ula. JjT.nn L-Sjjia Cjaj 

Clulj lilljSj tdil jThnVI ^Inml Aoij <UjAa.j cAjjgjll (jl ja. ^ji ^»tS J 

tojLlIa MLSS J '9 (j^J '^Jjlj AajUll JjiJjjll JajjJj yl ^jJtfjjj .fll m-%11 

joauoiSVI jj^JJj 'pH — II j tejljajl Aa.j.1 CjLu A M -s Jl *2i .Q c j tF/Mj 
.CjljLua.^1 Ali ill i ii iiiij S±L 4<_iliall 

lilljj oLaaJI JAt t jLiia.1 OjjS (JfU (_ijir. I'i'nil (_]>«j (jj^J (j' u*.''" 

K . AjjuuVI 4ju> jail Clil ml j'qll Jajoj jia (j^j . jIjSIujI <Ula tjjlaj 4jl (jLajJal 

e_iL*a ^ iSjUkll AikJI <jL*a!l jI jaII jj^Ijj t>j cjajl jjill COD J BODj 

1 ^ ll m-\ ^»JJj t28- 1 1 AJ^I*a]I U, J j i U ^^Cjill dlUHulVI ^ In i ii (JLaJUjuil 
jA laa jtuaJ (J^l Uj 1/9 C ^ ^ij .25-11 ALU-all AkJ jJ 0 c elaaJI jaC 

JJC ^ jjoij-a ^Jiluwi -La. AbU-a ^ 28-11 ALU-all j .(140-11) J£ill ja 
JaaJI £-a A*Jal&j j tY >ajll £cjL jA ^Jiij i n all Ii* Jj-a j .4 Inqmflll Jallill ajiA 

'1/S e (JjI^ /Ul ^ tilli .k d <1j^I Ji^J lUIj" j* ^ jal^ll 

Ioa Jx* jli <.32-ll 5JjUa1I ^1 Ijllk-lj 40-11) lM ^ >Ui jA 

jaLill jj^all AjJalij j K s # k jA i-llULlill sjiA JJC. ^» jjujjaII ^jSlaball JaiJI 
jj-tt-a A In una sLa. Ajj^ 4_£jaJ dul ^ill JJjlLol 4-aUil dlVU-oll j] • 1/k 

• 6-11 J J-^l (ji ^?-J^ UaUaJ 
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I 




£ >day " 1 




IT 


0 








U, day 0 

4— * d 


1 1 




(a) 





jwuij (S) .uij^-a »U« iuiljj AjSjaJI (lul jiUI JJ-iioJ j.n^ ill ^ULu j*uij 4AJjla :40-ll Jli 



31-11 ^U. (uh) .27-11 ^JU^ll ^U, 

ojjla-a ^aujjj ^ ja^ LS 1 ^ ^L*-^ t J <U 1 1) a 1 ■ \\.\ * id! ^aUaj j-a ClltLjiluba 

jliiiV t^^jJaLljll ^j_j-<ull (jliLjl ^ clbJajjSl _a-aj i$ LJjjla 

(JjV uilll c-ljjl (-k jlj&Ld <ULa. l_Sjjia J j*. j Ijiajj . ->j > ^>MI CllVjila 

t_lLjjuajl 4jjI jjixll j 4\xa jA\ till jjsullj ^UuJI L_iau lil t^aJUio 4 Saa J t^*^ 

<j j > >!■» W sjLJI J£ ,Jja Ljilxa > ^jj^l oLuj ^Lii^l <j]i 

•COD ji BOD djljliltl ^^jJI cjV^UJI c^Jaj tiJ&lj 

^ ja jao ^ jit j ja dAijt ^ jaJ jl COD jl BOD 
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.AiLuall AjL^1\ AJja^Ji ^1 jaSI jUuial lillj j t<— boijjB aUaJI AaLli jbuc^L 

.Ajjjlall dilii I .is. <aI& ^loj ^>"i\l (j^jSj 
iJ&ll BOD jj^jj jli^l ^ ci^JJ ^ J jVl S jlaill 

(j£ojj jaj-oaII ^Kll BOD —SI J] blUJ tillj j a?.jUJI (jajull ^ c_i jc^JI 

J (25-11 <tal»-a) aL^JI ja& la] ^ Ia Ijlrk jas. 4jjj3 jjSj 

aJiA .iai blaj&l ^jJfriH (jlja. f^a. AJ^VJJ .(24-11 aLUa) (F/M) <luij 

AijXAJj . J j* MLSS jl-iLsj > ad3l L_iLuiij| jl&i.! ( . il)-nj dlVjaJLall 

.31-11 aLUaII J-lkloilj Ajjgall ^Ijik L_lLuaa. (jLaJ dlUUJI aOA 

(_5j0a-a jla. JjaJj ^^^^ ^ J** 1 J-^*- 1 ^ ^iA^alll sIas. jaC 

j£ jj jlirJ Oawjj 15 5 JU-a ^ ^ jljjj (30 mg/1 ^ Jal BOD 
f.\ikl\ a1 ^ j AJsuiiJ sIasJI t-xoijj AaLla (J J& Joioiall J MLSS 

(Jj^aSI ^ AJajiiall sIa^U *-(J^J cs^^ (Jj-aaj A-LjAa MLSS jj^'jJ 
^jljJJ MLSS JLa-a ^ Aj-lil&j A Inui'u oIas. 4_i1aC- (Jjs>j la_aACj jjlill 

AaL^]l i jaII t> %80 %70 AW jjSj 3000 mg/1 1500 mg/1 U 

(jjj La SjllL MLSS j^J-^ (^s^-^^Ajll <\ > t->"\\\ AajS (jli tdlil .'ajllla LgJA 

. 2400 mg/1 J] 1200 mg/1 
»La2 Lul^J .tt j aJs^aJI SloJl A^jaJI ^1 jSll jaIII ilSUaill :6-ll JjtoJ 



20°C UjjSj a J ja. 3ajJ lie AaJIjlaJI j ^a-^JI ci j*«J! 









0.8-0.4 


mg VSS/mg BOD 


Y 


0.4-0.3 


mg VSS/mg COD 


Y 


0.08 - 0.04 




k d 


100 - 25 


mg/1 of BOD 


K s 


100 - 25 


mg/1 of COD 


K s 


8-4 




k 
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11-11 Jilt 

AaLaaJ AJJ^J u'_P" -^-^ iJJ^i 

JjL. j 130 mg/1 JiU JiSill ^ BOD _J ^Lj .2.0 mgd * j^a tij^ 
^ jUJI Jiill Jkll BOD —13 pjoiniti ^ ^JLuj .90 mg/1 <-jI j£»ll BOD —II 
l«j iliV>a* ^ j .7.0 mg/1 cJ&ll BOD —31 JjL. j 20 mg/1 

fja!) si* jtuaJ jliicVU iif Jal .MLSS 1400 mg/l_13j f U 10 st»aJ j**] 

4jujIj^ (j* AjSj^JI dul jail j .^J^j^JI sLus (_Sj^J tlbLuiul <_gi jlall lllljjijll 

BOD — S VSS/mg 0.60 mg = Y ^ JUJUJ kA£u^ j^J\ o*UL* Jc 

.pjA) 0.06 = k dJ Ljljj 

jA jljaJ <_i jlLuJI ^ajaJ! jla 431-11 <LUa1I Jjiluob 

10 . 0.60 . 2.0(90-7) 

= 0.44 mil gal 



1400(1 + 0.06. 10) 



10. 0.60. 2.0(90-7) 
1400(1 + 0.06. 10) 



23-11 aL\*A t> 



F/M = = 0.29 



24-11 t> 

lb soluble BOD /day 

3,3 14)1400 lb volatile MLSS 

jA ^jjll Ajjo^il 4J&II ,_H3jla "jli c33-ll aJjUaII JmJii 

0.60, 2(90-7)8,34 

P x = k * =5191bVSS/day 

1+10, 0.06 

J jSiutf! 4 jj 8-11 

.AjSjuISjaII <=JUa31 CjI La A 4j<L^>j <j\j£ AjSJjll Jjiatull (jfl AjjjIj <?JU-<£ 

till JJ^J t>a < flVT ia. jJ 4j! V] (jliLuill (j* %7 j3 -LaS Lpl (j* j»C. jlLj 

ts i& JJJJ V 5jjl<uai tlllsuaaj ^ o1j*.ja Ifrla %90 is^lall tllLjV jll ^ jl jAVl 
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Uuj liUij c4jjI jAV j 4alj$-a sAjliHj cAjjl&kl '^VIS <iljJI ' ''"^ 10000 
.4_uVI Clll jflflll aifc tiljJ! ^1 jjl (>a £ jj <_£ <j53ljlui j .<Lj*]l j 

AjjUIVI 4 jJI 

j<\.^iTi . jaJI L_Sjj^a eUa jljaluiV VU*li.nl jl jAVI ^1 jit JJ^I yJo 
liljJI Auajou llfcU. liA jpj j (^IjA^lj ^gjl j$J1 t*Kfljll AjjjjfLJI tlL^cUull 
a-lkal all .Uj9 ^L&l c£jJ=JI LUtfl 41-11 Jlill .^LljllkYI 
jja.jjjj dlL-ii-a Ijja-a tLj/^jll <UajJ jj JjlxAll ^ A^-jjIiaII dill j > >f \\ 
t4jjjJaC.!>UI CjIjSjaII ai* L-llU l-i II a lal » a3 .<jjjj£3l .lluiSI ^pljj jjLaijSj 
. Jjla-all jj"> ui^VI ajj^-a jAill (JuajjoII 0 jjJa j>A <&aLouJI 4iUall 4iLjal 

.^Lljll (J*a JJC Ajj^jII S^lcj AJojJjJ 

glial ^lill Ci Jc. 4_ul jAV <— SjjJa tllAJ (—LaljlU 41)1131 4 A 1 all -il jaII JLlj 
,_^aUa.VI j i (jo^. j jJa^JI ClujjS Jja 44jajlj]l <gjj£ I " \\ .1^ Ja j 4jjjJa&V l1>Ij.}xa 
^J| UsUrul £Jaj U talj^-all AjaJaj-oll oUall 'ojai.VI a^A .Iui^Ijjj .AjjjJaxJI 
jaj j ^jiifLlI (Jlalll (j-a <jjJlall sjl j^JI diUjJ .^jaJI <— £>UJI 

JaSa CjU>jJ liJjjll aUa ajlja. <a.J.i Jjjj Uoic. *lUi]| Jj^a2 ^^ia .(-JUJall 

.SjjUll cUll aSljjluj ^jjj^JI aUa cjUjuac. jla ..■uVill (jC 

(jljlkl jlxiaJ jliUI (^aJjJI j c£.lAaJ cUaiJI ^ j&l ^jjIiaJI JaLiill ^Ijjjj 
^Ull g j > (jl cl£-*J '^^M "A* JJJ^J t"lVlj .^Ljjll 4j_j^Jj (JaajoJI jjJa 
J j*J jl ^jjj c^jj^ gjl JJ (jlkj ^jil J!>U. AjlaJI j^J^ 1 <-J^> J J*V 
t_jj Jjal] Ujj ^JjUiI <«jJaj tilli (J J* 1 "' ' "J "^J •J-*^' U- 4 Ua^C (JjLai L-JU lall 

. JjUSI (jjoiiall J&Lk <aSI jlall ^-ajj^all aUa 4jjj^a*JI j| jaII 4ja£ j Aj^LaaII 
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I a j) .ft £ -a '5 ft <_5^] 2 ft (j-a <-).)*■ '''"'^ eljjl ^IaII (jLaC-l ^ jljJJ 

ILaC. jj .(41-11 J^") ^JajJ t-l^joila ( _ s Jc.l (Jj3 3 ft <cl&jjl jjLJ ^ 

A 3J ^r. ajLja 4ajLa L-lLic-l jaj (jjJ Jjj^il (jjj^jjJa 2 ft aU-al] ^gj-il 

sLjsJI A^jjS ^jl j j CUuij 5 ft frLall jjW^ ' JJ"^' 

.£•1111 Jc ajS! ja^U! 




Ua_ji £a.J) LjJUiaJI j Uja&JJ *J«L-&I i^Uofl j^u kjUil J AS joi lakLa :41-11 Jli 

(19-3 JS^J! ^ 



^JaLa^a lajoola ^la ^Iji 4JJ^I jl (jiliajJa 4_l^j^AiJl (J^- 4 -^ 

(_3j lli <-i Jj <_)i..l« ^)jfc L_ajj-iill aLi-a <_Ji.i .(42-11 l)^-") JJ Jjl 

ftUI jliLa! <Jg J^laJI JuUs. Ulc fJJj . Jj$ll Jill JjaJI 
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tojjflj 4-JJJ^I Clul£ (jli (J*-^ <— sl^ajVI ^La] 1 g > j ojlaaJI L_L^a^)J 
eli Jj i^fuiu/LILi 1 g llia.Uj jl CjjIj jliJI jLjaij Laj <il^)JI (j^*^ ("p"'^' 1 ^» }\) 
.lg-Jj ^Jil jaJI J ja.J Ailc-lj ^ial AllaiaJI ^c-iuuj Jtfij Laa .4j3 jaJI oLudl 
AlaatlaLaH BOD jls .n*J jl jSLai^fl liljj J BOD ClV <j& jjju 
((^Jj-all jla]Ll j» Jjll ^3 BOD CllLaljC. J-lfr) «.Lall ^iuuo <a.L,g,n jjA ^jjJ (JSJ ^ jjll 
Aa. jajoiJI (_g j.^qll 4J jxaii ^Lj .^jjAL) BOD 11 jl£juJI JJxj LLa! j 

oLV jll </ (2.2 g/m 2 . d) fJ J J ^ l& BOD _J <> ^jb 20 ^ 
J3Lk ^jVI ^aJI Jj 4^1 jli <> ^fcll E \c jyi JJSii ^lljj 4JUil! 

- laJLaij Jaa ( a Sj pUafc IgJS J jjujJ V jJI CllLkllaJI J Lai .4jjoill ^ ££J^ 
l^j jL) 50 Ia j-iS <S ja^ jli i^jill L-ijjaitj i_s jiaJI Jii t Jfrl 4jj > >>r. Cjtf jAi. 

iiiV _&AaJI o^a j .ajLoc. <Aia jjIu (5.6 g/m 2 . d) ^ j-^L ^ jJI J BOD II j* 

ft » ji fJ J J cu ft Oil J£i BOD —II o- •aijW 1.3 Jj 0.9 ^ 

till .laj J aLuLLui^]! Aj^aaJI dl^j-aaJI j-a (Jal I AaC. dlV ja^ j '5 
Luj J^joiI 6 JJ 3 (jJJ La jl jA^/l J L_Sjj^all oLaJ ialilaVI j-aj ^ jlj^) •^"J-^l J 
.^Louj^l 4 ajqj JsaalJj 4jajj]l <_].l»-aj 4L_Sjj^all ol_La J-afrj t A laalui a jl Ajj^aaJ] 
jl (JjoiLouIIj Laj t (42- 1 1 (JfLllI) jjjala. jx jj*La]l JjgJI <Jji_ijJ ja-aJ 

Jj .(JjaJjoulL (Jjialall J I—jLjouVI -IoaS Jc ^£jujVI tjjj t " 1 J ~t .^jljjlLl 

1 g la a) V 'LijjL^ ^-^-^ t^ 3 ^ lt^j^ 'j^^l ciil^LiuVI 

jl (JjuaLaiillj (Jjir.unj «(<-_! 42-11) (JfLlllj A CljLuJjall ^. A i JJ .uj^j^a oLj-a 

luull liA J^Sjj .AjjjUill LpUJI ^-a J.iAuaL Ja«j ^1 j 4<J jVl L!iai3 ^ jl jalL 

.AcUaSi! AajL^al i—iLuaj^l (j^ 
oLLal ^jlaJI ^JaJull (JjxJ ^-ajauj AjaL-iaJ 4jjjjaJ Ajum <jjjlii]| AjIaJI 
J AjjjIjJI <ilaJI jj a i aJ ^jj V tiiljJI i—lLuja. Jj .<a.jia (_Jj3 c_sjj^all 

JalittaVI (>aj I— lLaia. J jLufr^/Ll iajJ j»aaJI J JJC. iBOD II jas. tllLLoia. 

J-alaJ V (j! Jj I Jai t8 ft J^iaJ AjjjUill tiljJI J «.Lall (3AC. Jl! jj .l-ajj^all aUaJ 
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tiljj ^clijj .^l^ c_sjj^3 oLlo (Jjaluij V l>° ^ g'^'V^ *^J^ £^JJ$ <J^-^ 

lDU. 30 mg/1 t>a BOD 13 laa-ii ^jk^ ^ij^ sUc ^JUu ^1 JjaloiVI 

JJC- 30 mg/1 (jJUll (Tjl^Jl (jajlll JJjU-aJ frlij^l (j-^j .jlaJI (jjoikl! ^ Jjioiill 

.100 J\ 50 mg/1 _j ^Ui AlLjl JUJ! J Ijki tL U^« 
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Jj^jlli '^Lo lSJ^-" 4 cs^ ls^J^ i -^ aa J '-^ . iJ.uiL,ia]lj \ g \jt n*i .lie. AjLiiJI 

. jj^JI £3_a^ Sf-'j^ Jj ' ^ ^ all l5J U^J^l cs^ '^ w )^ a 

12-11 Jl* 

42- J^Jl ^ ja LsS t<A.,.u 3000 Igillja. j^c. o^U Jj&J liljj jL22 

tjiiikJI j* ^JijJ 14 j^Vl 4jK\1 <aiuua jjSj l-UJkJ 11) 

0.24 mgd ' '« j -^11 sLlo i—iUjouV ls-°j^1 j^l £^ .djLajjj 7 oAi jj* ' ^1 
^ jiU BOD 0.15 lbj 80 gpcd ylSj ^ tBOD _St <> 450 lb lsj^j ^illj 
a^LuJl bUc! BOD -Jl c^j^ l^I (!) .BOD 225 mg/1 J f jJ ^ 

jJU 0.10 in. ^Lijj^l j jaJSl! ^'jSa jl (_pal jjaU 5 ft j 2 ft 

JaJl 

lb = 450/21 aJjVI a£ jjM Jc BOD —11 ^JLu (!) 

= 21.4/0.17 —11 AjsIU (jlluJl aJ^o^ .^jJJ ^jJI <J 21.4 
.^jj JS1 Jja 125 

(5 ft -2 ft) -28 acres 43560 sq ft per acre = 3666000 cu ft = 27.4 mil gal 

10 in./dav sq gal 

— . 28 acres . 43560 — — . 7.48 J — = 76000 gpd 

12 in.ft acres cu ft 

27.4 mil gal 

— -- 170 days 



0.24 mgd-0.076 mgd 
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j tAjaJamll 4jj£j3lj Jalila-Vi JJC- ^JJ (_£ Jl jl j&LaiVI Jlii .{J jWqMI ^Jj^ail 
t 3AC j .IujaVIj 'AjJj^I 4_»j£3~all CjL^j^aaJI j ;BOD —It j tAlLuall & y& 
l_JSjj . (j i ) nil ! (. jjJa Jjljikl j ^ jjl (ja-aljl 3 ft 2 ft (JJJ Jj^a-a Laj-aC e.UI 

<g/m 2 . day) f jJ ^ jJ JS1 BOD -Jl <> 151b j> BOD —SI 

.^»jJ 15j 10 (JJJ ^jljS ^-^l -lalali.1 <lajlj 

Slj$-*2I JjAVI 

4jjLui.l JjJ l^jL La UJlc. (jjll j tUsLaJ <L>j_)aa1I 'aljg-all tjljJI aA^LoU 
<iJU-ail tSlljS j 4 joJI Ja S jSII L-Sjj^a bLa! J jVl 4k.jJI <=JUa5 

^ j 12 ft J 10 ft jJJ (_>al J^-VI J^aC. £ jljJJ .^Lu-all C_ajj^l bLaJ Asjiii<\1I 
t^ftWLa .(43-11 J£aj) <aI&.} ^Jfc AjaIa jl 4jaUa tlll^jJ al'jg-a 

V .(_j|juJI ^jauaiSVb bl^ajj AajjjfLaJI SjJ^ll (jIxaJ L>ja (jA^j tilJSkJ CjL^-aJI 
(Jjla-aJI lJji «a*^l jljflJj-uVI Aa«Jj 4i_JLa_laJI 4jjasJI 4j1axJI (j <\ > aJJ 

4 «, dll ^I,H.")m)I iLijI ^.ic ^1 Ijiaj 4(jja jaJI jAua jjJaJJ (_jJI ^j_)aa1I 

^U.jJ j 4Ajj$j]I ajiil AjJCs BOD —II 4JI j] j] .^Lk^lall sLaJI SjI&Vj (.nmjjl] 
BOD — Jl (>ajaaJ AjuI&) 4_uiaLjll aLUaJIj .(-Sjj^JI alw 4*jJJj 4 - ajlj=J 
:4jjVI (_gA LaLaJ 4^.jj-a-a 'a I jg-a A£^)J 

z^jL i4J. BOD i 

" = (34-11) 

Javj* jkai- BOD 1 

f jJL 4e oAj)}\ JcliGll J^ua Cuij k ^ 
^US/Ij 44jj^j1I S Jia t j 
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<jJ Sj 3 jilia >»a-a ^r 4 (v) -gilS J>« J 4* J-*?- 4 (I) Jf^ JJ-" 3 :43-ll Jlii 

(Aqua-Aerobic Systems, Inc. :<> jj^I 4Sal>») .JjjLSjII jj3 file ^'j^t (^) .i.rnnU 

(_j.ll k ^ jljS S^i-all oLu> ojl^a. <_ s Je' t-lljfij tL_Sjj^all 

if. jA\ <J 1.0 ^j-SJ 0.3 t>a 3laJ £jJ j JL?-a ^ tAilii-a L_Sjj^a aUal 20°C 

<Jj& jaII 4^JUa1I A+j^ laJJ j»U 8 ylj (lU 3 (> ^ jl JW-a ejlc 

oLlo J^_£ '^J*3 .4_Luill -^J^ ^ajaij-all <j>Li. L_Sjj*_all ol_La isjl^p. A^j^Ij 

BOD 11 Ljjjj^J 20°C ojl ja. <?.J^ (_5^1 4_uiAi. oial <±i±a i—ajj-o 

%60 J\ S»USB o^liiJU 10°C <_J sJjaJ u^Uij >.n...'jj *%85 ^ 

oLlA jlj&l AjiJLajuill Cllljjg-all A \-t uil jj (jj^-uiSVl (jSLaJj .Luj5J 

^'u^i^ll <Jj3 (j^s ^jjJaj-allj <illa_ll oLiaII ^fl (jJa ui^VI (Jaj (J.1jla (_^a 4L_Sjj*_all 

R = R 0 PC *~ C ' ■ 1 .02435 T " 20 (a) (35-11) 
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-olu) jjc. a i LaJ iAjJaiklall o$.li£Jlj <gjj£]l <aj|j]| <j£LLa ^ejjj 
(J-aLuill J^ll £3"^ U -0 U " ' '"J J "Ls^" 1 <-^ J ^ ^ (S b* ' . jl otj^-all jlj&bU 
till jjl jli .<$jj£ ^jl jj ^Lj !^LuLuSj tt— luiLid L_slia jj^t *n^l AiLjaJj 

Jlj&V tj isiui^VI £-a.l JJ j A l\ > .nil jl j-aJI £jJajJ l—lfi n"n jl j£-aJ 4<JjuiLLa JJC. 
' ■ lllaJJ j-aVl jlfl tAjC.ljj-ia]l <_Sjk^all aL-a (J-alsij]! JJC. j .<£Jj£ ^jl jj 4_La £CJJJ 
<LU1I AJjJaJI CjUjuSI j* 'ajjjill jJI C_sUa£ll jl JJ I jjaj tl a£aj j <Lu^ 4_aJl»-a 
j£-aJj .AjlaaJI J UjkjJal Ufuii j1 j£-aj t4_ic.lL^=JI CjUUill j<s jl 4(J^^ 
13 jj£j S-^JI (J'lS^ill Jjjla-all £-aa. ^Uaj (Jajj L_jjjjiLa]| ^Lijj!>U 

AjjjjSlaII SjjSiII i— aja. j 4jj£j3l 'ajla (Jl jja.1 jjc. j^-aJI JJ^JI Jc- jLia JJjlj 
t—llj.u i j| j« s. ja. <JjjaJJj 4 j£-aJ Ajli fUSjjLa ^Luijj^/I (J!La (Jj .j^ajaJI 
<1 £-La iAjjLjikVI <jjljJI ^kj-all t*ljj JJ Ajj^jII jjA J ja. t_iiajll jAkll 
>» <__±aj 4^ljjjl]| Jj •^J_*S^I (_pal jal J jjjIjJI j-a 4_JjC.J-a JC- j j jj& 

. jj^JI alj-a .lajJJ > ajjaal ' ** ■ -* ■« ' ; b aJj CliLj^-all 

13-n Jli* 

<*JjL J£a-a 2.10 mil gal a J^S Jjla-a ^a_a.j 10 ft LSJS- 0 jj* 

2.5 lb ^iicioll <Jja qa jja uiaVl JSj JOa-a .10 hp Ifria <J£ 4jaJam illLj^-a 

i_i jj^j eL* j-a jjfLa jAj t0.30 mgd JaWI (jajull ^jjj .hp-hr J^J j j"> > ^ 

1500 J^Uj (jill j «600 mg/1 ej^a BOD ^ jl*] 4£jlla 4jc.li^a j 

a iSAsua ^jjj^ill oUa j-ajL^a. jli tAaiU^I CjLujIjj JJ taljlJ j .lb/day 

Sl^JI (j>-all aLuJ Sjl jaJI Aj>jJ lOa. jl£ .0.8 a J^ p jlaU-a j 0.9 jJUJI 

J^l Uoaj hjt jA BOD 4JI jj djil£ jli .< aj^II J 25°Cj ptlSB J 10°C 

j-a ^jjL (J£J 4jjlia-a jjauoiSI 1.0 lb jl jiajial ?4jUiilla <Jj^jll <Uu (J^i t%75 

jl Jujj Si j^oll i-ajj-JI aLw J t_jl jull jj>u 1 <;Sfl jj^jj jl j c^JI BOD —31 

. 2.0mg/l a j^a ji oaj jjli 
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: Jalala.Vi Cy j 

2.10 mil gal /0.30 mgd = 7.0 days (J j**) 

jjauo&Vl Jail j BOD AJI jV t_J j& (jj^Vl ^aJI 

1 130 lb/day = A^UIL oJ^V! <> i3 jU 47 
Jill ^ jlkJI JimJI 

1130/24= 47 lb o^VI t>/hr 

11.3 mg/1 = 10°C ls^ C s c5-2 J j^JI j> 

J.yyiimlj 10C 10 hp l^ia JSi <*joj CjLjg-a jj7» ui^Vl JSs 

jA 35-11 3J1*J1 

Rio-c = 4- 10-2.5 0 8 ' 2 ' & 10.24 1Q - 2Q (0.9) 
= 44 lb/hp-hr ( J jjL.) 

25 C ^ C s c5-2 J j^=JI t> 

^l^kluilj 10°C (J^ 10 hp Ifria J£ AJUO! <*JjL (jjT. ..l^Sn Jflj 

jA 35-11 

0.8. 11.3—2.0 
R 25 o c = 4 . 10-2.5 — 10.24 25 " 20 (0.9) 

= 57 lb/hp-hr (Jjf»-) 

^ 9-11 

. CllUjI JIjV I J tClsLilJJjAll J cAJjXaII CllLjJjSjJI lillj ^ Uu t4jJa^)AAll CliL j > >it \\ 
LjJjfLll ^ > ^ <\^-s\l jjSjjll Jajjjla jbdib t£ jLa. (jjajol ^iLa JA^JJj 

ml JS1 400 j t<*j\2La t> Ujj 30 100 ml JS1 200 a j^i AjJ jA\ Ajjjljill 

t> £ jUJI (jSill ^ Ajjjljill djlj^jJaaJI jjjjj .4*ijla 7 .i*J 100 
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100000 Jla-a jl J&LuoVI <iljJj 44aJijAll alaaJI j tA-jjjaifcll CjU^jaII 

0 UalL <iiflij jjc £jLaJ tSa-Sill £j^» 4^X0, o^u«j .10 ml J^i 10000000 J] 

ml qa Ajjl jJI llsLj j] jSl! t ajaaj jb jU jjll ^gic tAjjjla .iau 4jaJajqill 

4 4jjilJ! djLja t> ^ jjSJI JLuftil! J^atlou 400-200/10 ml ^11 10 6 /l00 

Jjlall ^ Ic. j;ui CllLaixAll JJalj .AjjxaJI dlLujjjjall j-a I JJJa I AX. lU»JJ 

.^UauaiAiill jjjS AjtuiVlj 

<&ja. A^iaj .imil ^ laloiiJ j 4j.iL.ajal ajjUa£1I jI jA\ J&\ jA jjlall 

<a.jjj 44ja.|jia j| j^s J ja-Jj Sj^all £>L«> pH (jJc gjtojll 4jjjjjJall Jjlall 
Clll ja.j ^ Lala LaJtoJ 15 (jJ) 8 mg/1 JLaalJ jSjj .(juLull j-ajj c'ftjljajl 

duia jj jSI) aLsj 30 20 min o jja ^ji (ji-aj j«a jj jja. JajoL 4 <l* . 
.(s jjlall dl^ua 19-7 j 18-7 j^lll j^l j 12-7 SjSall jjlall 

.lie lajju j IjJjjuj lelia i'l.hj c^jjjji (^jl Cy JJ^^ jjLsj jj^Hi 

^jj 4jjjiLl 30 jc- Jij V ojjal jLuJI C-iLuiuVI (_K> ja. j t jjlall (j^Lull <laaj 
.44-11 Jajill ^uJajA jA Laa tAjljla ^jS*'! IjIjC.1 till jj tsjjill t_lUwijl 

(J-ala JJC- Jjlall (Jjla-a jjjiil AjfLulaXa ^ j- 4 *^ £2^^ ^3*^ '^J?"^" f laJjoU 
eeliaj Ija, Jjja^a JjilJ 4\a.jjLa olja ^1 (Jjla <\\l 4iLjal < . limn .ujjj^all elxa 
(Jjiaal CllljljaJI la^t j] .ULLiLa SjIc. jjaj ljLujojVI j1 Ijlaj 4jjjla ojjla 

ajA JiLa jlajVj .jLJI ( . iljnnVl l_fij jla jx L_ljjiaj AjLjL ajaa. jA (juLull 

^1 jal 10 ft lfr^aj& 4\aL^ ^UjV ajI^Ij tjj^ ^ SUJJ ' CjUI jiJ! c<_i jjlall 

(jl jaJI ^ 4 ir 1 » <~i\\ jlfli-i ' .Jaliua.VI jJ ^Jj^jJall J _aia]Lj 10 ft (jj-a*^ 

(Jinn La 4t_jUja»jVt ^Uaijl (jc j tl^jjj J jj^i jl! ^jLaJ V ^1 4iLaS/l J ja. J (jc 
4-alA Jjlall (jijlaJ aaalll j <LaJI djLojUall jj . jl jail ^»aaJ All jjal UA 

.^jL_ajal j jaa (Joioial AjUUI 
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£jSa, 4iai; .lie 4JLe 43lla li Wja j$iaj <JJ>uu ja. (i) .jjKJl (jiiUu <ji jaj 5 jj^a :44-ll <Jii 

Las Vegas <_>"M o-rt »U« 4jal>« ja^ ik&l. jj^) O*-^ e^^J 



(Water Pollution Control Facility 

Cllj-Ia. £iaJ <jl oJjj-all -<-w'^ j Jjl£]l ^Aft * jVI AjSI J^B 

CS^ 2 CJT^' J jl^?JI 4loJa^a 4^1, £iJ lilli j 0.5 ^) 0.0mg/l jJJ La i-iiL-all JJC 

jj . ^ jVill jL>jj (ja^ill 4j!aiu «J-?^ jj J-°^' S-^j ^ -tjiSSJI I^A 

j! lii.ii^i ^gjUj AjAkj 4_jL£j .^(JjLj (J^^) (aj^J-^' dllljj^jji''n<i 

. AjAjU 4 aJaj) ^ 'La.^'h nail l^J^iLlla ^JJ.i jji^JI Clllljj l^J ;l"u« ^jj^jj-a 

tajibulj s^lc- ojjKII |» laJj * aj .AjaJUuall <j-a 4-a^SLa (J.)' 1 ^"' ^jii. CLlLja^A-a 
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^cju Aajjla. '"'^"'"'^ (JjSjjjI Aj j i r-iir II £-a UJajl (Jcliil: jjS^I (j^ j 

(jj^j ^3 . t^i l^)]ai. l&jLuol (jfLaJ Lpli .iaj CS"^-9 'LiJ^J^W^ iS^" 3 lA-^ 0 
*jaJ t-uau i-s\£, 3*. ^J) aiiLa SjjKS! Cjlauia ^gic. <jJa jjiall AujhnSI J j.iaJI 
OujoS! ^gjlj j tjjjjVl ^hVunl 2 JjI^jJI jln > .jjKJI Ajajdjj ^Jtojll ^bVunl 
4*uiVlj t ( jja.jj.li£j : l Ij ^ (_3j3j c J_J^J ' j» J^Ljjjll clsLxla^Jj 4j_aKJI 
J^Ul AaLJI jjOi faibull Ajj* (UV) — SLj fJuall gl .(UV) AjauoijJ jjS 
tdJ jj (jj^jjOi^JI \i i a£l (jj3 £-a (jjaljjJb (UV) AjujI ^^aajoij j .^Luj£ 
t^»cb ^fla-aS (UV) — SLj ^SjUjI £-a JjKll ^AaJLaU j . j S-AjuaSS/l jj > n ViS 
.Ljjj^iJa afla <i -^J^-J (jj^J Lo-iic- J 

45- J^^SI _>^') LS^J^' ' X (jJJ *Lva uiiljH (_3j3 AaJoVI ' «jk ^ll 

300j 200 ay U ^>a J > cjli (UV) uj • Jj^ *«jJ J\ (11 

SI ^Luij .oUaII ^ l£Sij cJaVl Ajj^ > «SI cAjjjJaxll jiib jj£I jla jjU 

^jUI JilSiil *L£1 ^ .DNA —51 d&j JlSiil Cy ^W^ 1 (UV) 

(46- J^") i— ac-l i Wnj 1 JSJ jtl Aj ^-ojolj La DNA IS t fl&\ »>i.nSI <— iS jSSI Jjl-la. J i <aajj 

(uj-IjjJIj j^jj^fl DNA) Jl liu ^ *l>1 JL^jjLi (UV) ..n.^j -11 

Aja ■ oallSI (_3j3 AjsjoiVI J-aJJ La£ . jjl£j]l (jjjstJ (j-ajlj *^J_}) LS^^i (J£j*uS IgjJaa Jj 

tLijj^ja jjjaSI jja ViSI (jli .Ajjoii£Slj Aje-jjSI 1 $ SI S >'M ^ Ljjffi.iSI j CjLj jjjAJI 

qmAj . j_jS£SLj Aia.V AaJlx-a jl (jja. j j Jj^J! ll i n^l (jjSJ A a y " a <aJboa ^al 11 aHml (j^-aJ 
taaJ Aja ■ afljjSI (_3j3 AjujI^I j^i-ia ^^L^aV Ajjj^jJa dlLaJ^jl Ljjjj£jSI ^Jaa a (^^S 
SLj ^-SaJJJ ^g^SI dUjJjiSI jaj .^jhoi*SI *.jj^a ^3 ^ j-iia ^!>L^I AjS-a*J LjjJd^jSI 

SjIc] AiiaJI CjU j^SI ^ t JiLSSLi UJ j-La^lj ^IjjVl ^ 8 jj.Wmfl DNA 

^S 4j| Vj i^^L^aVI <a» jS ^kiaaj ^jjJjjjJjj jlljj^SI (jl ^a ^C.^)Sljj tljJjjlaJI Sal ■**« 
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100 nm 400 nm 

I I 






^r-^'i-il. I ^ . 




254 nm 


nm 


| UV ( 


UV-C UV-B | UV-A 


1 

100 nm 20C 


260 0011315 001 
nm 300 om 400 



j_Jt jj_ ul\ jjaJl .jlajjlUU aljJiaJI ijau jjC Ulc 4juii ^mjhit njj^Sfl i it Ml &a aja. :45-ll Jii 

JUjM 400 ^1 100 6- (UV) Jut 

J^U t> (UV) cjljj.^H (UV) Ajkli 

^jlc jl= logi 0 (No/N) (36-11) 



(UV) 4*^7 jjuJI cJjs S jjISU CjUj1£1I jj£ J3 = N 0 c 



■iu, DNA 


RNA~ Lj ~<lXf]V^ 


DNA ^"^^ t ~ i "' ' ' * 





• JI_Sffl DNA JilJ-j. Ku-J .(UV) o- £1U j-jIj o*-^ ^Ijj jbu. DNA Jim jtijj JakL. =46-11 JiS 
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jl La ^« ■ u di^j Lot 1 . ^ ^'«- >-»"' ^3fj j ^jjl i iki (UV) ^-uL^sui 

y^jx Jjia Aic (jAJoiil! DNA (_>a1 > <aJ al t(l 47-11) L&^l U^J • ^ 

(UV) *c Lj Jlill U£ .300 nm j 200 nm Cm ^JL (UV) -J 

Igic jjL^all _jjJall <J£ (jl l^laj « ( _ s ic-i Ajajoi a*.U£ dlli . ^11 4jJaikia 

(j^ajikj c-njoij j .254 nm aj^a (j-aL^jiaVI ^Ic J>!=> ^JL byjij 

(j-a jjSI IjJC- ■ - J-aVl (jl JJC- t^JjU^ttJI jLaC-l "-llijj tAiUall CllUlLla 

.fliia-a (UV) J^. ^if^^l 




* j ^ .4ikLa ^Lijjoij Jalau ulc ja. (u) .DNA —II o^Uua! (i) JliiStl : 47-11 <Ji>i 

4 c ja. 4jUj luI jjni *i .DNA II (jA*dx»\ JU-4 ^aLa ^siu l$J 3f.liS JS\ 2aiuSaS\ 4ixui jla £jjlui»J! 

(Bacillus Subtilis) a^IjJI J>i *J jUu E. coli <J>^ (-) (UV) 
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DNA (j*aL-a!Lal (J-?- 4 J ^ (P» »"1 > all ^jJaji-La ^JjU^a-all jAi <aJ 

*CLjJj .^JjU-a^JI i-_kjj (j-a (J^JU lS J ''jl^P* ' " ^ > (jl JJC- . A., \t\ i ni l 

IaA^UjL ^, <\ y »'i a£>"j2*1a 4.C- o Jc. jl LruL?. Jji*- 0 pjj-^ Jc- 'a-^c- gjj^ » .-lall 

47-11) l}$u!&\ J ^C^ayi jA Lo£ 4i_ajj-*all oUa tllbjjJaC (J^JJ 

pi jjSM E. coil J jS UijjA)) 

jjj Ls £ jl jjj 4 (_HaJj*ail 4 alia a AjUuJ 

.4jjatj^> J&l lgl?la«j (Bacillus Subtilis) (jouLls^ jLSLil AjLki^li 

mj/sq cm Uji (UV) <c ja. t_ilkL c4 logio J^»j ijJI^a JJ E. coli J j)t»"^ 
Jl J jj^> jU <80 mj/sq cm UjJ Ac ja. B. Subtilis i.ilkn o^ 3 ^ ^ J '10 

si^a** t_ijj^a pj jj| 4jUojujI t flliaJ lillj Jj AiUial i4 logio Ajaij J^IaaU (J jlaui 
.(UV) Aalfcli J eUall aifc CjL£j* t_Xbau t*Uj j c<& jail 

t^tAiL^a*]! pjji (j 'JJ«J-a (UV) fJtoJ fUaj 48-11 J^ill J$JaJ 

qa Jj£ i . la Vi ij .JJaaall S^US J a-U*i<s JJ jC jjjj .t ijh'nW Ajdj 
(jJaaj .(UV) jfc dAjjjJaxll (j <r> J ^Clllj^) 7. dAj_&jJa*JI 

j» jolalVl j .ll-lajlj iAjjiall j jjjji-a c^jOjoJIS) a jui*ll C1Aj£ja£ < " )1 jail 

.(UV) 

AjJajC Jj£l *jl^>^ 1 " '1 •> (_5-i Jajoijilall jail 1 '<n\\ > i-\<\ (Jaxj 

j <u > oJ jl dll&Lui (J^A ^JjU^s-ail tJJaaUJ .(JJaajll jl l^jlc- dllatiJajjll (jji^Sil 

(_JJla-aj ^Jjl > ^><\11 CllLial dll -sLoia ( ajh'nll A flh'il jAjJaJJ .^uLoil AjuJajl l^laju 
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(Wastewater Treatment Plant .in Grants Pass, Oregon ci>?>uji '<j"W <iulj*J i-i j^aS 

4x;j=Jl AjUIujVI j ( 9ihViN A^J Ai&li jjuail cLjl ja* (UV) £^1"" <Jij| 

AjJ jfl Aaljia £ jla A^&S 10-11 

J00 gpcd j 60 gpcd aw c_a j^ll oUa ^Jij j ja a^JU-o ^Jc. o^u J 
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cjVLuJJIj tvnUiaJ aid .400 mg/lj 200 mg/1 j« cj 1 J 2 B0D J^ 1 ^ 

tdJij i^L^jiaVI J^J t_ij*-all jl_p. ^ t5^ ^ JJ J&1 jj 

dlaj c^W-^ (jS^SlI £ ^a^aW 4jj£.ja1\ 4j j^aB J ^ afrialS (j^aUajl ^gjj I jJaj 

jjlnll j-a (jia jVl ClaJ (Jj-li^a jc. S jUc L_S jx<a]l j'j^J .(49-11) J$\ 
aJLoiC-j <LaLaS <Lalj3 J .Lujjjj jj^jj ^lij JaliiaJ j^sj L>°J^ 1 " U"* ^ a *^ a 

Jjlal (2.8 m 3 ) 750 gal ^JUi 1$j (j^jj ^1 Lu>^ 4juJ\ jU c42LuUjjJ 
£1j JU. ^ 1000 galj 4^jj (-J jc- <— j ja. j JU. ^ 900 galj jj ^ jc- 
^^jujj .^jaUiaj 4ijc. 250 gal ' * u jj 'j» jj i_sjc. ^ jill t_ajc. Jte 

lillj j=ijj t^jLlJ-all (_>a! ^j (J Jj^a J^l 4 \^ i n t '«jjVn\l j (jTmSllI < " it -s"^ jj^J j^ 

(jill ^jjUJI AjjiU <— SjU^iaII jIOjouI qa L_ljJuVi £ ja-aj (Ji..la ( _ 5 Ic. aJja. j-a 
tAjixajl ^\ja1\ ijji >i JJ i— ajj^all jlja. <— SjUaj jj . (JjLJI ^Jojuj ^glc. ^SljJJ 
jj .aLaaJI JaAa.j c4-a£l J1a\\ 4jji >yr\\ SjLalJ ^gjl j&V liljSijj (a nill ^Jjajj 
jj^jJ .(Jiliull Jia. jliuul ^Lal ^gjaiLujI j-al ^jaJI 4-Aj-^3 jIjaj Jaliua.VI 

^jljJJ Ajjjl 7. Jj-iUa. j-a C(_£jjaJI jljSLoi^/l ; ->ht ("1 laJ 1 " i (j-aU^sia^/ 1 (JSa» 

i_a jj^a c_j jjjl ^'iVunj tAik. JfLiu c 18 in. l^Lac. j 24 in. ^j 18 in. j* l^ajc 

!_JS2aJ <_ajjL^a]| sUa ^ > ^>^.\l j-a ^J&iiu JaLa-a ( ■ 13J n (_1 jjjl jl ^O^ajS 

L_ajj-all L_l jjjl ^j ^Ij^JI (J^-^ '^O^ JJJ ci^' J (Jj (Ji"^ c-l-oll ^Jjjjj 
JJC ^JJ <Jj^jli J!>Li. j-a j tjjjLiaJI LS ^XJ j* ^JXajSlI 

^^gic sjjilxa 4jjjjjJall (Jiiijll 4 -\\ m<\ Aa1*j . JjLall Cjl.li.lAi ASaui (jujVn l -r J Jjj^ 
4jjlla-aJI ^.LjaaII jli ^ jj <— ajc. ^jjl CLiIj jSLuoAll Ajjlij 

flij .(121 m 2 ^j 28 m 2 ) 1300 sq ft j 300 sq ft j# ^ jl J2 
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jjiaaualj . (Jiiiall CliljliiaJj Ajjall ^^aJajadl t \\ uSHuiVIj J^i»a £^J-<^ (jj-lriJI 
Jla <-ry^J^ ^p^jj L^V^ CjUJalLJI 4,^,^1 jjI j.i j Ajlull ^jll CjVIS j 





^,yi ^ u ... 




s 





















.(jiajVI ^Jajoi _^JC A^jjfUl L_ljjaijj t—UjljVi 4£juj jI^jouIj (j-al > taJ <^ I 

.<uL^all j| jajI aj >i» 4jfcjli<J Ajml'io AjjjjSIj Jj^J J J^J '<J^ LS* UJ^' 

<J| jj-aJl uUu uLa£ j (j-ajLuxk 11-11 
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Jl j3k Jj Jx-aJ ijjsaLA JS S jjl ( L^aj Uji AuLa jl j-a jU JfLiill J 

m 3 JSl 5m 3 ) 1.0 mgd sL* 5000 gal Jl j*. J 4^11 sLaJI i> 0.6 gal 

tpLA\ 4jIjSLujV1 (jSljx J^aJ .AjJU-all cjjj^all eLw qa (1000 

J j .^jjj^> 4laa~a J J£ll jUuIujVI liifi Jl ja> Jj 4 6 jlSjll 6JA Jla £jla j 
AjKII t ajll£jH jj£I «. ja* Jj ( Ja, aLaaJI £-a JaUjII Jjij^u i blt£j Jj^aJ 

aLaa. ^J^ 3 ^»Uaj jla t_il±uiVl o i$lj . ^laJLaball ^Uaill Ujj till j j i4 Its <\ll Jjiuiul 

a\\ tll.la.jjj 4^laJ (-jjj^aJI ol_La AjcnlaJ AjaJjUll SLaaJI ^nla j <4-a£ JjlaJJ 
(J-axJ ^Lk ClAjjjJafr (j-a 4j j£-a AjjI iaLaa. JjVl t-JJjjojiJI • A^Viui'iftH 

JS.».nj 4jL<all jl j-all si* £-a (J^Uull ^'."J tiillilj .JaLoOJ Igj^qi J& bjn^jll 
till .n^.\l (jli 4Ajjjtj]l AjjJaJI tlLAiillj AjjlLalbj .A£Jj£ ^jl jj jl-l^j ^Lal ^lau-a 
^1 Jaluil .AiulaJlj 4 jqjlll \ gjjujja 1 . l±mj aJj^ > aj l&jLa ^ jilj (jaJJ 4-djVI 

I 1-iU.M t.nmjJ 4-kuJ jj Jl JJ Jit ^-=J AfLall jl j-aJI JJ^Sjl AJJ^I ALU-all 

W p = fSS (37-11) 

i_ilaJ jjjll t> tlljjjL t^laJI AjljVl sLaJI J Ajl^iil jljjl = W p 

(fj&i CjU jc.) ^ jJ J 
0.5 Jlja> f jJii) JjVI t_±H jsL JljJ AaL^ll -ijLaJI = f 

all L-ajj^all aUal 

^jjIU till jj jL) .Ajjoij-a jjc. (_ajj-ia aLi-a j-a SS = SS 
JJC. t_Sjxoll olj-a J 4ila-all Ajluall jlj-all jj^JJ ' (fJ^W/ 1 — J^ - ) 
mil J IjjLa <— ajj^all oU-a (-jLujuL LjjjJa-a mg/1 — J IjjLa AjujjjaII 

AilxJI A j! > al l jl jaII jjSjj) 8.34 lb mgd per mg/1 — j LjjjJa-a gal/day 
.(m 3 /d — j IjjL> t-jUjou^L LjjjJa-a mg/1 — j I jjL> 
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d 0.2 - 
^0.15 - 

gOK 
m 

0.07- 

005 6" OTT 02. 03 OA 05 0.<T~ 
K forEq. 11-38 
^.JLaJI jlg-ll ^.JlS j > , I i : II BODfl>*i 

SloJ! jUUI (jiili a***! 38-11 ^JbuJI k J-U-j *(F/M) ^ On j^l = 50-11 Jii 

Ijjjii mg/1 



4 \\ > <-\ jl ajtiSla AjjjjfLa dsLwlj Ajjgjll ^ <La.lla]| 4jUill ^jj 

A -\ fi'\ <WjI j LilmJ <_5^J •W 3Ua ( "l.'^ '(_£ J^^l (Jlaall Aljla jjc. 4 qW 4jj_jC. 
^ jj i -U i (j-a (J*^ isjitfa]! j <aC.U1I AJoLall i— il .nun -^11 (jfclj tAjjJ^JI 'oOjaiSVI 
4 \\aC. ^ya 4jaoUll 4 jaALall 'oLa^JI Ajl^aJI jI^oaII (_^ajli JJ-iSJ (j£-aJj .lgj-a eLall 

^1 j 38-11 <kJ jj t^uijlSI 4jLa& ^ ^Ull JL^I 4jj$jJI 

^jic k dulall 4-aJ .Laio .BOD SI 4J j-a^. £-a AaLall i >aJI ^Lul <j0J La JaJjJ 

.50-11 J^ill (^a jA\ (F/M) 5^ 4jLc 

^jall (jli t^l-s <\ll aL^a (jc. 4Jjjjuia all ai& (jl (_ja ^C.^)11jj 

jl ^^clii-all i_S^x«all oLw (j^s (jji _oaLjj 4 _ ? i*2 *'3^' LS^" iSj^^J ^-ij-^l ^jjj^a 
.4jjlC.VI 4-aJU-a <ajjlj]l (—a^j^all oLta 
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W s = k BOD (38-11) 

c_sUJI (jjjll CjI^j jb t^jjJaJI elaaJI ^ <lLa]l Jll jaII =W S 

t> AJJ^JI AaLaJI .il jaII c>ajla J^Jaj (5^1 J J^Laball BOD —II «. = k 

(jailll ^ AikJI AaL^JI J jA\ (> bujaj 30 mg/1 J j u^l JiaU JLill 

Aia^-aJI ^J^^l 

t^ljVl LJjLo! jail Juu UmluuM L_S jj-JI olw ^fl BOD Aa^ = BOD 

( f jJL CAJ jf) UllaJ jjjll t> f jJ ^ djl^j jL 
i—Uj^jj £a AaJU^a 4 \v\ « ^ aUaJI ^ 4j]£ll 4jL^»1I i jjl ^-Uj] ^ jLjjj 

.38-11 j 37-11 tjjjbU-JI 4JaJ jj >all ^ AjjjIj 4jjgJj ^jl 

W ps = W p + W s (39-11) 

4jj$J J *.'J'"Jj ^H^l staaJI ^ <i£ll 4jL^all j| jJI = W ps 

JJC t_fijx<a oLia ^Jl*^ 4 LxulLa isLta. ^Uail 4 jK\l A Aj, t~>\\ jlj-all ^lljj jjSj > a 

• 38-11 4jjl*-all tj^Wp S (j<a L$ 't^jl ' . U ' " (jj- 1 t>° 4jcjujja AjjgJ Jla t4jboij-a 

(Ji.WI (JS-^I BOD SI LLucI AaaLall AjiL^all j| jaII jjuijj jS-aJj 

4-ajall a^Uj JJC- sillij i4jala-all 4jL^all jlj-all (JLaAjj 4<liaij-a jjc. L_SjjL^a £>Lia1 
jjj ^ <JJ«^I jjSloi fcSlli ^jia J .%100 50-11 J^JI t> SjjLall 

W as = 2.0 • K ■ BOD (40-11) 



50-11 JiSlI = K 

CjU jL 4 ^ j t-j^ J3 jj^ (> JiU Jajcill BOD 4ja£ = BOD 

(a jJL tliLal jc.) (_aUJI jjjll <j< a Jjll 



tjfLu 4jU tAjLall j| jaU i_sUJ (jjjll JJ^SjJj .^iLaJI 4jL^»]I jIjaII (Jjla-a 
^aull <3j*aj la] lilljj t41-l 1 ^Lla-all al^luL <lisjll sIasJ ^ LjLaa. 

!>&Aa CjUlnaJI ^ ^Jj <Laj ja«j ^Ij d.O Ujja 

4jjil=4. 4%10 ^IjJ 4jj>>vrJI jl _jaSI (jx (J JI^a Cl\h 4jJjJ 4jC J^l ^_Lu 

.1.02 Uj^a 4jc jj 



/ S r... = flggjv 83 . (SI) (41-H) 

cjb jiic. tAJajll sUji ^ = v 

4jjja Ajujj iA \\> jI^saII a = S 

4jjou cc-IaII jla o = P 
AjjoaII ^laaJI ,J aJjUaII jj^jj 

71M=F7 (42-11) 



VlOO/ \ 100 / 
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Jj %4 <W> ^ jiUi]! ^uijall Ja JLiJ ^ alaa. 4%6 Jj %4 Ajuouj Jaa2 

Jj %4 AjuaLi Ajjjloll Ajjgull ^a Aiila j aJsuILo l_Sjj^> sIas. 4%5 

.Jaia %1.5 J) %0.5 <fuUJ jad A In .Via ^-Sjj^j sIas. j 4%5 

%70 JI j^. ajl^W AjL^JI J jaII AjjIaSI <1juu]I Lj^all ^a ^1 jjVI oiA 

4iUJI 4_lLo1I ->l ^aII (>> sLLxa j! 'oX&u* Aju&I j .4jS£1\ AiLaJI 4jL^J i ^aSI £a 
jIjaSI JJ^JJ AicLjaA (jj . cJ^^ oLaaJI ^7.^. J JJjJ (^jlall jj^jjII (jli 

|jj 4_ia£3I L-k-Ljajluj (jaflxl! ( _ 5 ic j H L^ajll JI c_Jaj]l <Jj^J 4jL*all 

Jaijuj J*i .l^ja <jL^a3l jI _^a11 <AJ)}\ AjjUI 4juuill < <>,Vi JJ 4jjj1I dma> 
10 lb Jc ^UjUJI ^ sUsJI ^ jla t41-l 1 aJjUaSI .t^*,.,.l ;j t JU| 
Ja %4 J] ciuij jla c60 gal <e jl^j %2 AiUJI ajL^II jI ^aSI Ja 

J] ^aJI (j^qn.n %8 J) JJ^J^ ^SjJ '30 gal ^aJI ^ri^i t^Lall j| jaSI 
4aJlxA 4jj*j^a <_Ujuj cl^JI (>> J-^J cjA-JI J SjSslI a ids latoJj .15 gal 

• JjVI t-i^j^all <aJlxAJ AjjlLa 1$*a JaUjII j 4 fa «1\ 4jjj\j]l dlLaaJI 

14-11 JUL* 

jA 220 mg/lj BOD — II £y> 200 mg/1 ijj=^ <^=^ ^ sLia ^JUj 

^l^laiLj (I) .^jiaSJ ^coijA lllti <=JIxa <La-a J 4Hxa1I AjL^all j| jaSI 

i> ^uiill sUJI J 4jL-o1I ijj cjUaS <.mrJ dl-38j 37-11 cj^UaII 

l_S Jju^all sUa jA jjllc. (JJjIa (J&l (_$J^ L$J^- J^J <J_/^ ' . U ' " J^^ 

j^C jas. J] AajouIU ^JOJ AiUJI 4aL^»ll j| jaSI jA ^jjU £ (lj) .^JUaSI 
jjoL JS1 ^Jajll sUaJ! ^ ,iJLj ^ ?4 «\\ BOD _U t^^ 1 U 1 ^ 1 

^ijaII JLj o«j dilijjAll (jA JLoJI ^LjjjVI jlS lil c_ajj^a]| oUa ^a jjllc. 
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?%5 ^iu 4jL*all jIjaII ^ (j jia-a till j 



jjc lillj j %50 jlS AikJI AaL^ll J jA\ t>aja^j jl <jil jjsL (I) 

:37-ll ^gi (jiaJjalLj yUJI i_ijj-all sUa l_u^jj 

Wp = 0.5 ■ 220 ■ 1.0 ■ 8.34 = 917 lb i j-/ mil gal 
JLSl! ^ %35 caiIS BOD _ll aJIJ J o^J^L '38-11 aJaUJI i> 

50-11 Jiill t>0.34 (j jU^j K j t JjVl 

W s = 0.5 ■ 220- 1.0-8.34 

W s = 0.34 0.65-200 1.0-8.34 = 3691bAaL^ a> j*/ mil gal 
200 mg/1 o jii BOD j^jL 1.0 mgd _J 

:BOD —11 d&Ji Ate "jla 

1.0 . 200. 8,34 

= j J 8340 

0.2 ^ 

IV.+Wi 917+369 

— * = = 0.15 lb j! j-/jja 

i... 3k 8340 ^ 



jj^ail y jJU Jjall 4jL^> A jL 0.20 <-ajall Ullc. ^Viml 

^Ic. Jx^j W p + W s 41-11 ^JaUaII ^ ^iujaiLj (^) 

917+ 359 gal£— , 

V = -53- = 3080 — ; — ; 

)6340 mil gal 
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SUaJI diA^A 12-11 

^jj oLaaJI djLl-a£ (J^J*4 J.'"^ 7- ^ A^ljVI ^-ajaij .ojjUll ojilUj c^jjxjILjj 

dlliaJaA q\ • JjVl tJJJ-a^ ^ 4 \~s"'<t\ oLaa. £tjja <Ua^-a 51-11 J^aJ 
j^JaJ 4(_^jLaJLa ujUjouI J^xaj <— a^)j-£aJ CllliuJa-a j taJalall t 

JaUa-all (j* dulj ^jc. isjUc. sj^iJI jj .LgJ La. jjLa UJaLa 51-11 (JSJoll 

JjLa ^Jji jl jA liljaJLall j i giiail j j-i_>a <-_J jll 4 -s"is i -^J^ ^jlLall 
JjLJI ^g-J jllI jlj^l! jjOj La-ijc. j .^Lij^S tiSja-a <lajJ jJ jjJU jiJ! (>a 
^jj ^^ajj j oLa^Jlj ^LaJ (JfLiuJ 4^ <_j] _alll jj-a CllAjll e^)? 1 ^ 

L_aji i-yt, Aic j^. _j-a (Jlc 1— »tt i >i lllljT.ilolui.rt ^ J^jj '^J^l 'SiW^ S W^W 




Moyno® is a registered :6— « ^l>») f^ 5 ^ j*- 5 * 1 " ^-"^ ; 51-11 J*** 

(trademark of Robbins & Myers.Inc. 
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SUaJI 

JjLuJI jli tsLaJI ^ 4jL<all ^Jl Sijj j .(3-4 Sjaall J] ^J) 

(jLjllxa (j'^al 4jCjjoi ajLjj (JjLuill (j*ajlx<ai. '-^j^- 4 (J^'".' cP*^ ^ J » <*tj 

^iaj i_i jjjVl joj LoL^ual <i j\ jl« 6 ft/sec 5 ft/sec (j* £ jl jjj 

6 <jj-S SLaaJ -la jlaa- ^a*a> ^^SjJU La I jjli K ajjajdll 4j j^joj! j jl-Wj^l ^iaJ j . jLtSI 

.4juUi]| ^ jjJI ^ 2 ft/sec uj- 2 j t(150 mm) in. 
J.iVu.iIj L-i jkju^al l ljIw£U (Reynolds number) j-^jijj ^ c_iLuia. ^jj 
\^ ;Ua ^Mj .44.11 a1Aj^1\ ? l Wh,,b ^JaaJ ^UoSU, c43-ll *H**1I 

jjiuj ^ t_jLujdj| Jjli. j (—iLujdjVI Ajjaal i_fil£ ^cjxji £J-£ <— ij.ia. JJ-iSU 

.2300 > Re jlS j] Uaa. j 4000 < Re j 1 ^ uj bjkJa-a Lj*c 
.(jil<uall (JjjIa (joj Re 4-<uS (JjSj La-lic- lolliujl c—ilajouVi ^xuuj 

d.V.p 

R e =TT~ ( 43 " n ) 
12 

o^a, j !>b 4 joljjjj JOc. = R e 

ft/sec ' JjLJI <&jjuj = v 
lb/cu ft = p 

lb/ft-sec aJLJ\ ^Ujjl = T) 

Re= (44-11) 



45-11 ^ djl^jll ci^jj cjj^. 
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iia j frUll ^Ic iia jjj La AjjLu 52-11 

l ■ iLaijj ^jji l jL^a ej^a (j-a3 ^ 7» J c.Lall £!laj l^laj j . <La jjJa^-a j AiaJLa 

4jj*-a 4_ia£ 4jj*J C-jxjJaa 13) VJ <-_iLoijj V SLaaJ j£] .43LUI ^ (jol 
Ijkj iliLaaJ L_£±ikL) ^Lja-VI I^A aljioj .^L^aJ « J" ' >>M <>» 

tataaJI liJjauj La^i& (jia. j .etaa. J£ ^ aJSja. jaJI 4jLo1I j| jJI ^ CjUDL^/I 
.^pL^all lLAxaj SiiA-all j oUall 4-ijlIxaJI lilli AjjlIaJI <SUall 4_u£ jli 

\^j3 AjL^JI jIjaII ^1 I jiaj Iv^i <_J^_j-o1 <jj£i (jSf *La j» 'aLaaJI ^uu j 

AjklaJI Jl jaJI t> Jlc JJ^JJ (jic AjI jVl staaJI ^ jo^J .ISL-aill j Jsl 
<Uajuaiall i — a^jL^ail dlLaa. Lai .4_Jlc CAcjui \ ^cjJall A.\r. , ^gjaii 

^Jj i . iLuajVI Jj^J 4-ajlLa 4 Ai i-i 4juu aj^S (JSjjj ^^Ic (jlajull 1 g » '"''J.' <-ll\jjjJaxll 




0 200 400 600 800 1000 1200 



i« >a_f4 liUaJ t 4Ja*ii« SUaJ CiU^U*!! ijau, j . 6 in. JaAi j& 100 uUJ Jii. "jU jss :52-ll JlA 
Jlj* tfi DJJ 0* 120 = C d Jl .Luj 100 = CjJ&»\#& <%3.5 ^ jJ 
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-jLjjoijVI oUaJI jlc iaaJ Or?. j^lll (Bingham) ^ g -> \n ^ij-aj j) 
16 5 V 



3\vd 12 u(d 12): d 12 - 



(45-11) 



elall fJaftj <jii« ^kll ^ia = H 

fjiL tL_l jijfyl JjJa = L 
4jjla]L aJalb t4£.jjaill Jojui jla = V 

64.4 lb/cu ft t*taJ! jjj = w 

AC-jjodl jfLaJj . Lj \it>iA I . iLljaij Vl (jj^J La-iic- j-aoLj - jjl& ^i-ila-a a l^iuU 

at .n^ \l 

_ IOQOt? + 103V94T? 2 + (J/12) 2 y (46-11) 
V,c ~ (d/12]p 

— (47-11) 

15007/ + 127V140t, 2 + (d/12) 2 S yP , „ .. „ „ 
V uc = (J/12)p i— 2_, t UJ ^ ^ = Vlc 

4jjlj]U ^JaSlj tUkll <=>.jaJI <c jjuJI = V uc 
L_i*LaJI ^,iiL Cjl^j jL tfrUll jjj W = teUaJI = p 
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jj^JJ (_JjILo 4j!iL^all (J^sljua ^gjj 4iLjaj 1g a \l ^ (JS ^joij ^aJ 

ca^j .^1 j^l (l^ 53-11)j (I 11-53) jaK^I ^ sUj 

sLa.j ^j.^oii cjl^Jij ^uji ^jjVi cjl^ii Ajjkdi ^sn jLj ±=jL±a\ 













■iti 






















1 J-oLuo 










3 100 
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(-_Luillj V 1-4 J jA=JI ^ j .K isa J*U* j! ajSLoui i_j jfiV 

J^U dib jaall t_jLo^] (Ki) jA jUi K ^ j-Vl <.i^uj .jjJoill lAa^\ 
48- j 44-11 oA 1 ^ 1 f^ 1 f iVm,' .7-11 Jj^J J t(J JaaJ 

K =Ki/Re + Koo(l + ) (48-11) 
7-11 J j^JI ^ jll?. j^a = Kooj Ki 
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15-11 Jli* 

^Luj .^uJalA (JjajuuI 150 gpm oj^a oLa^. a-llcj jJ^\ ■ - '^"'J 

<S jla (_1 jfi! ^ S-uA&l jlc ija .%3.5 <U jjJa^JI olaajl JJ^'jJ 

<u^l CjXu^. jtil ^Jc LJgl&l c5 il=u .6 111. a jlaSj 1000 ft 

.Silui ciiLaU.^i 5 j «T 4 j c90 ^1 jSl SjJic. j 



j^^l f UJJ jIbJ jia uLua Two-K flJiluL Koc 'Ki ^ :7-ll JjJaJ 





Ki 


, 1, - -.11 L.-. 








•. '.t» - //l = D /P>\ 1 ,'i 

Qji^un iyl K/U j ^j-^y 3 


90 




0 25 


800 


JJ ill K/U 1 /g ' aU3 






0 20 


800 


(_>*-" '11 -J t\JLJi Lyj- 13 ^)iaa 






0.20 


500 


'(1 = R/D) ^Lja 


°45 




0.15 


500 


JSJI '(1-5 = R/D) Jo^ 






0.60 


1000 


jjkx t(l = R/D) ^Ui 


°180 




0.35 


1000 


4iU jj t(l = R/D) ^La 






0.30 


1000 


cJSffl t(l.5 = R/D) 






0.70 


500 








0.40 


800 


jjk^ 'Jjjia jlaa 






0.80 


800 


~ j^La jl S jjL 5iLa. ji c^gjoiUa 






1.00 


1000 


^jujLojVI t>* '.'»■■"*''" 






0.50 


200 








0.10 


150 


a j=Jui jl o jjlj AiLa. ji c^gjoiUa 
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0.00 


100 








0.10 


300 


%100 <lW£^- ^ 






0.15 


500 


£ jiiLa t%90 t6j> ^iSrt ^Ja3 






0.25 


1000 


^jjLo 4%80 to^j^aLa ^JaS 






10.0 


2000 








1.50 


1500 


jl> 






0.50 


1000 


Jlla (j^a j3 






4.00 


1500 








2.00 


1000 








2.00 


1000 








0.25 


800 


















0.5 


160 






Jib 


1.0 


0 









JaJI 

«S y = 0.10 o\* i%3.5 ft ^j.Jafr* sLa. JJ^Jij 53-11 lM flaiiaL 

.6 in. a jl»a L-ijd 1.69 ft/sec Ac j*J <iJjj j -p= 64.4 j trj = 0.012 
47-11 j 46-11 jjatal»-»ll ^likluolj tr kk (-jUuijVI J <> (ja^o (I) 

_ (1000 • 0.012)+103V94(0.012) 2 + Q.5 2 (0.10)64l - 
Vlc ~ 0.5 • 64.4 

=4.4 ft/sec 

_ (1500 • 0.012) + 127Vl40(0.012) 2 +0.5 2 (0.10)64.4 
Vuc ~ 0.5-64.4 

=5.6 ft/sec 
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45-11 fl^aluL ^LiJ 'jUI ^aa <.m^l 

16 . 0.10 O.OIZ". 1.69 

H/1000 = + s- 

3 , 64,4 0,5 64.4 Q.5 2 

= ft water/ft 0.018 
H = *L ^sS 18 

:AijVI ^jVill jj -OlLali jl£ 8~4 _>LJ j - CiJa <tal*-a ^hVi J (jj Alicia 

.100.1.85 .ISO 1 ' 85 . 
h L = 0.002083 (1000) (— ) (^Tiiii) 

= ft 3.6 

KooJ Ki (j-a (JS ^ j; «\ j .oLa^JI jlc- A23 (j<a Jsl (Jllal 4 . ,i<\-n (J-ilj«J La jl 

IjLjLuoJ ^jVI J (J i— i^.j.^i jail 



Koo 


Ki 






1.5 


1500 


1 




2.5 


8000 


10 


°90 £l >1 


3.2 


3200 


4 


T 


1.25 


5000 


5 




8.45 


17700 







3 , (6/12,1 .(1.69.1" ■ 64,4 276 
3 , 0,012 +16(6/12)0,10 ~ 0.036+0.6 



Re = 330 ( < 2300 

K =17700/330 + 8.45 (1+ 1/6) = 54 = 10 = 64 

i- 2 (1.69) 2 

K — = 64 = 3ft = H f c£L^i jj 

2f 64.4 • ^ 
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SUaJ 13-11 

t ajiauj j (JaSn Jc- %4 Aim'n IgaS 4jL^all jIjaII ojbjl oLaaJ jJ^AJ - ^"'"'J 
%2 Jj %0.5 ^ J^ 1 SLmJ J • J' jA^I f i ^ \\ i_l jlkaJI f^JI 

j| j-all AJI jj (j^-aJ . Jlj&!iUI ^ > ^->(g \\ t Ljia l& j^j Jl j^JI ^jJa^JJ 4jjailia 

Jj^aiLa jl ji Jj Iglaa. ^La] 4_illc dj^^tAJ 4aJ jVI CjUj^aII j* AA jj\ 4jLo3I 
jjijjj J ^aLjj j| CliljLull (ja jx£l j^AJj -AaS 1 3 "i Vn j 
jIjaII aJIaIIL jaiJall f laJ > .AjalrLa ^loj £-a llaljla lillj jj^J ^* W^- J 
4iLjaj jj.li lilli ^JJ La UI& j c4j Jaiull j 4_J jS/I CjUu^aII j* 4-aiill AaL^JI 
.i—UjoijoII jj 1 aaJ j <ajl jll t '<j)k\'\\ iiL.lj.laJI -IjJjlS <— flLjJaJ ^3 j£l j t4jjLjAj£ .ilj-a 
jjui^.")\ Clll^)jAiJ_oJ AiLjaj £-a AJaJjlall Clll ojlc. ^j'Kj^l jjioill ^.laljuaJ 

. jiiilll j 

SL^JI u^jj 

ij j! CjI i 4Jajil£ ^ jjL a jg -> <\ Ajjjij i.n.njj CI1L1I "jL J 4}\j&L jj-^ n\l ^jj 
jl <LjljVI dllij^all j-a Lj^a ui jJI oLaaJI £-Lwai.j .4_J jiiLi 

jlxj .«Ljj£j-a J ja..S o^ia. jjc tilli j ^^g-jJlLak. jjW'i Jj caLaaJI ^ j^a ilAjl_)a. 
t<aJU-ail A U^. n\\ 4-aiLa Jj (_u*jiall JJC. e-jaJI Jc <_£ jUJI i_jLjjoL)VI <>ajli 
J a^lc. o.la.j]| diV j^a. jjSjj . jl^jiJI ^li j<s 4 laiLail oLaaJI ijmh ^jj La£ 

30 ) J jl yJi ^li j^ fSL <jLJI ^1 jJI j* 121b J] 61b JU-a 
jLs i ajikj] 4joj^I ojjjK j£aj .(60 kg/m 2 . d) Jj (kg/m 2 . d 

i_Lil*all Jj .JIjA^I ^Jal^JI j jilLaJI J L-Uj i) jail jj . jj^jjOi^JI 
jjll La Llllc. JLJI ^LiujVI J <jL*aII i jaII jj^JJ jji ' Ja-*ll (-jj^l ^-a 
jIjaII jo^-a jj^jui (JULall cJ^f" 1 (J* 3 . A\«r"l > nrt\ l oLa^JI J j^J^' **jJa 
t4 Ljuila aLa^.j 4a] jl oLa^. j-a ^cj_>a J %6 JiuJI ^LaSjVi J ^3 jlall AjL^all 
jJJI *I^Ll ^lllll L-lxj^l jx j . JLiJ L^-Jj ^-aLjaA 4j1 j! sLaa. J %8 jj%" J 
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-ilj-all lilLm/ij 4_uuj (jjLuj j . L_sjj^all djl <\i\ Sjaiiall Ajtailall Jj Ijiaj jaiLa! 
AjjUxuSII -il jaII ^ iVinn .iS j .SLaaJI (j^ajLaaJ Ujj lilli j %95 J %80 j£ 4aL^JI 
. (jijLall i—fljjL^all AilaSj A \\> sy\\ iljAll iilLaus] jj > n Vil a jf\\ 

AhuAtW <-fl j^all CjLaa. 

jl CjI jlill jJJ*-a ija jji j-a aJIajJIj 1 g 'i Vn\ L_sl£ .is. Jj Lul i 4 milLa Ajlui jaII 
Ajjgj 4 Saa n qa <La.lUl| AjajiiLall ot Jliijll jV'nN (j^-aJ .lg o^-s\ ( 

Jj %0.75 tj* Ifcja 4oLo3| iljjl jjS jj (j^ ijjj jl Jjl (JJjJJ jj-i 4j1jja 
ftljsull alj 4j1c.IL 4j=uiiall CjlaaJI jiinj j .%3.5 

sLaJI W^J J^J 'S^' Cjtiliall jl r l>J! J tcJ&ll ^Ij^U 

.%6 %0.5 t> 

(_j1oa11 ft j^JL fJjaull 

Aialall p.! j^JI tlilcUa JJJ^J JJC (_iljuJI p.! j$JL ^jjjuII J] Jj^ajjll 
^ajlVn ^K;» Lisa a 54-11 JSJillj .jiiall Jj UU 4jtilj staaJI t— ll au>\-\\ 
(j-a 1 » u r\ <\ ^ J laJ > n .n !)lfLli o^Ij (jl Jj a JJ* > ^»ll dil.ii.jll (JooJ .4_ia,jjA; ia.iajl 
Ji.j5 . jjlull jl jill (j* Ajtl^xa j 4jjjIj jj^ja ajaj^ll Cjlaa. jll Lai . jill 
^jj^j jjjjjll jlaua I—jUjouI £-a 1"."n i " U-t c^Jj*jll (jlj^- 0* ^Jajilall aLa^JI 

jl j^- J l3J^y^ ^J^"^ (_33jjll j-a * j^- ^* i a ^ij .JajiuJa^ p.1 jA Jc- 
J ja-.il! Jc- c-l jgJI jlfa>V 60 Psi LujSj £jLll c^jaJ! e! Jfrll laauJa Cuaj Jj^aila 
jjjjjll jla-a C'lj^J! J i—lljLall #.lj^JI cJaijJal! jJjaJJj .(Jjla-all J 

^cjUII Jiuoll t_jUuuVl jUu .Ajjk-al! AaL^ll j| jaIL (j > gulj "ajjiu^a f-l jA djlclaS 
^jjaJI 'obi (j^ ^ jL ^ill t_lUja»jVI (J^ajla J t<— ajj-iall sLw AaJUua Jj AuLaxll 

2 \^'"*\ \ aLaaJI 1 4a£ajlSj-all 
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4iLjaj j<uu .%85 Uji j| jJ! oj^J AjJjJjaj AjLall j| jJI %4 ci 

. jl %95 AjjoUJ AjL^aJI ^I_ja1Lj lilLuidVI (J ' l£^>^ '"'^ J''*' - J lIiIjjajIjJI 

£JJ .4 W'i.nH sUaJI j^Jj -^JJ V jl AjjUajiil 4jJU-all <jfLaJ <j£J j 
j-a £J>all ^ iilb 4 lb j 2 lb jJJ La AUuunW <_a^a]l a1 aaJ 4alaxll <3 jasJI 

^ (jlj I jki j .^LJLi ^j«jJI 4*L** t> (20 - 10 kg/m 2 . d) <jL^11 j( jA\ 

.S.la> 4JU liilij 

fl> til iVU 

^Jajuj (Jj3 jl^aiaiL liJjaJjj (jf^J^j ^A-boij ^1 j^. j-a 4JI4III ^\ ja. jpia jj^ij 
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e-Lall jj^aal CIjIjj^ujjj i55-ll (J^-^ ^ Q > '<"* Jj "UlaaJI a^A ( ■ lUajj S^aJjuuII 

^»l jaJI l_yajC J (jjlijjj (JfLlJI A \\ y n a i' \\ iV'lrtll j .AjlL^all ^1 jaII <Jjf£j j ^pJI 
jl jA\ Cj! JjLojJ jJI Jc-lijJ Cilia. jJ&j jl ji. SLaaJI [Ja.Jj .3 lm j* 

.^1 jaJ (J^J^ J^ (J^W^ 4 cJ^Af *L*aJI iJil.Jj1 JXiJI £jjJ .3 lln-ill 

.L_S^j-aII Clll^us JJC. JLjaj c-La JJJ^J J llujla^ojl j-a ^-fiji^a .aC-LoU 

.j^loU ^iaVl Jjlall ijlal J& JjaJI tSlja^J ^j 2 ^ J*^ ^!>^ 

.^jjjb^all Jj ( ■ iLluij VI jOJ ^»ji)J ^j^I jll ^»l jaJI 1 " ,jj=».jrfi (j^aja. £-aa>J 

a-iLj j J ^^aJLoij j o^Jj i— iLijouVI Aj^bJ al jaJI jaJ J 4jjialA 4_auij^a ( jimTi 
liua. al jaj J Ja jja-a tie j Jj eLaJI jjlall oLaaJI JaLoU .«.La]| ^ jj 

I— il^a ^ <Uajail jj Igi^i. aljj al jaJI gjjoljj oLaaJI (J^i*; (j * <a!ilj . lilLiA j-a ^cjJaJ 
t*.Lall jl_>«j 'SAA'S j« (JisJ La t^Luall aJia l— il im 11 (J^r> J .lull Laiu .JojIiI^ 
J al jaJI ^■■Ai.iij j<a sLoaJI j JJ-aal jJI <UI jV al j^JI (Jjoau )-iir . >»\l Jl^- jl jj a jflj 

.a-Jjxll (jjjla c-Lul 

Ajj^a. ^ jl jjj .1 ■ ill* tuVI J.J*-a (j^alajj jl a^Lijj al jaJI AcjjoU afLaull j£-aJ 

lajjj . aljaJI <j± jc j> (1000 1/m - 400) 250 gpm Jj 100 JU- J ^ jB 
4jL^]| j| jJI 4_La£ ^ jljS 4%1.0j %0.5 u£ ojIjjj Jll t^W 4 ^ <cj^ 

jjj AjaSJ! ^ jljS Aoj^uilgJ! Ajaai^all ^hVuJ Sic j i%6 j %4 (jJJ ^LaJI <C jjlall 

kg/ton) 10 lb/ton j 3 lb/ton (Jjj JL>a J ^ij jj^ul jj ^a£ t.n.nn j .%8j %6 
2L*S J^j -%98 Jj %90 4ju-1 Ajl.nti Jl jJI tilLobab (4.5 kg/ton Jj 1.5 
JL^j Sj'jJ djbl jJa^S/l tlJiVio <_U*j j -50 Psi J 150 gpm JU1I ^rLjl^VI 

JUjC- JJC. Sj^Slall sLa^JI j^ jaJI p.Lall ^i^a^ ^j ' JLlill J jail J-«*J AjLLa 

.t^aU Jii jjd j3 jx 
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^LiujVL jaJI fUL uj til jJiJI JIHj ljIjjaJjJ) .Uo&Ia j SUa. ^jiiil f iVjnij ^jjl* yis :55-l 1 Jii 
(j^ Sj J^La JJ^) .AiiW <Ul^ Jl^-a j l I j^j LiJaj ^j. uifl ^jc. Jj*m& f La BflL>j . jl jaLJj — w < j"- N ; jj& 

(Sacramento Regional Wastewater Treatment Plant .in Elk Grove, California 



Cj^T JjSLjij t 4_uij . AiilU pUll £ jj Cj^I iulb jjaaill CjVT Jjlaj 

(2300 1/m 1500 1/m) 600 gpm Jj 400 gpm £l£ ^U^l oVj*- j^ill 

.%8 Jj %4 Jl>A J sLls. gtilil %2 j %0.5 <JJJ £ jlj" i >o AjjoUJ 

16-11 Jli» 

tlllj 4jj.la]l <-jjj^a]| 6 La <jA 7.7 ITlgd J^Lj 

Jxoi 1-11 j^kj .200 mg/1 « jJ AiL 240 mg/1 . jjS BOD 

aLvaJI ^cjJaJ .4 SajuiLall oIa^JI (J*ajL jj£jl ^iL* LP""^ oLa^JI t ■ iLuul 

CjLa£ (-luiaJ . Jl jAV jajJaU Jj (Jj^aala <_&^ 4 i Vull 3Jaj^i<JI sIa^JI j AaljVI 
(JS J <LL<a3l jaII jla-Aj A^j^aaII oLa^JI j 4<LjjL]l oLasJI j 4<L3jSH sIa^JI 
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%35 BOD -J o^i^lj 4 %50 jl£ SS ^jj ^ <^Aj -W^ 

Ujjs Jjioiull (F/M) ^Lu-u <_s^ %4 ^LaJI sLaJI t 4J jVl sLaJI ^ 
^ ^jL^JI j^Jl jj^jjj '15000 mg/1 AK*ri J <_a^-a!l staa. jj^jj 1 1 :3 

.%5 ajJ Jl^JI U^ll fl> 
sLaJl41-llj 37-11 *LUJ JjjVin 

Wp = 0.50 . 200 mg/1 7.7 mgd , 8.34 

= 6410 lb/day 
6410 

Vp = / 100- 94, = 12 800 gal/day 

.0.48 ijjl^ K A^ja t (l:3) Uji (F/M) jj£ t50-ll Jlill t> 

41-11 j 38-11 jiibUJI o^jj^Uj 
W s = 0.48 0.65-240 mg/1-7.7 mgd . 8.34 
= 4800 lb/day 
4800 

V s = = 38400 gal/day 

1 5 100 8.34 6 J 

4800 . 0.98 

V s = = 1 1300 gal/day 

(0.5 /100)6.34 

Alklall oUaJI j AjI jVI aUaJI £■ .iju 4 LSja all otaail UJ^" J 

W ps = W p + W s = 6410 + 4800 = 1 1200 lb/day 
V ps = V p + V s = 12800 + 1 1300 = 24100 gal/day 

100. w„ 5 100 J 1,200 
S = = = 5 57% 

8.34. V ps 8.34. 24,100 
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17-11 Jli« 

jj^jj dO.O ft o j-sa oUaII Jjacj 12.0 in. o jlaa ^ jjb jijp. ^ ^jj 

2600 gpd oLaaJI ^JaS ^Ijj .^jlaSj ^jlja (jx <J-p t^J^ ^ J flLaa. 

1300gpd »n<\\l 4 i^fLall aL^aJI 4a<a£ j c%4.5 aj^S <LLo j-a <_£jia-aJ 

jljiJI ^ <£joilalall ata^JI 4lJa 4jUj ^Lj ,%7.5 6J^3 4_iLa J ja <_£ jia-aJ 

0 Lw j> 45000 gpd j^a ^ tQjijSlI t>^J jUj j -3.0ft 

1 ; bji^i .L_lLuiuVl (J^ajli J-i*-a SjLjl aLaaJI £U*ia t - iM ^ I <J_P^ <_sA' L_Sjj-al! 
(_Pajli J-la-aj c^jL^all JjaII iilLuw>]j tjljiJ £^ <jr^ 4jLoJI ajLall 



71(12.0 ft) 2 /4 = 113 sq ft :uljpJI 

2600 gpd .0.045 . 8.34 

'- = 8.6 sq ft :^A^1\ i »JI 4J ^ 

113sqft 4 

1300 gpd .0.075 .8.34 ^ ^ 

2600 gpd .0.045. 8.34 

615 lb/ day 

= „ , . =0.83 = 83% 
976 lb/ day 

(4500+2600-1300 )gpd , _ 

= 410gpd/sqft :L_iLWiVI <>ajla u^*-* 

113 sq ft 



3.0 ft . 113 sq ft . 0.075 . 62.4 = 1590 lb 

1590 lb .24 hr day , , , , 

813 lb day ^ 
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jjjLxaJI 8 La. £jlaj AaJUaJ fJajaJI CjLilala 14-11 

^\ ,503 »>JI CFR 40 _SU sL*. p hiSJj M*- ^ ^ 

OjjUll f^-a JSI .(CWA) 4 aLJ 4ipj 4-kLo Cj^j 1993 p lft jiwa 

jl (jiaj^/l l^^Ja (jjj^a (jC- V ti(jH a»*1ml JJC ioLosJI JJJ-^J Sjl&j >Tn\ 

ojjAJ (>ajVl CS^ "SLfcJ^ <jL^]| jl jaJI JLmluil <_J jLj p ,lVi>>il JaJ . jiaJI ^ Ig-a-ij 
.(JjaJI J jiaJI ^ p JjU jJjial jaII 4j1UJI j 4_p jJa-oil £-a jjSI ^1 j ALjia 

a i"iai\ l t'\\ iU"^\ l ^j| AiUial i - \\ . ~ j A\l l *«ja^.*< CllUllxil 4j-a3j 1-Sj.la. liail l I " ' l" 1 - .ial 

p > \l Aji^Ia ^^jifj tllluijjjjll j t A_jal jJI ^aljill (j« Ljjn^jN (J^rt J (jj 

*IL 4jjl£-a] CLbuoji JaJ jAV j 4jjI j& (-i jjli Cla^ 4-aJU-aJI J^U. ^LaiaLLa L$J=^ 

• 8-11 J J^?J1 yi Cll^jjl j CjIjLuII ^jifr j AjJ&ll oUaJI .JJS ^yic CjLjajxllI 

^Jc Jjj s^ja. CjI <j jl jJ cjUj jljill j (Salmonella sp.) !jUjj ^aJLJI jjIu j 

jj£ljij CIiLjjjjSljII ajlA .l^jjj • L^J] 4jJa^><a-a]! ClAjjiiSull (jlajaaJ ^^Hl 4_a.j.}]l 
oLaa. ojlc- (5 ja^j j .<jJaj^«J! CjLjjjJaaJlS JLaJa.VI Ajllc- Ji&l ^Jc ^-A j ojJjS 

jJI cjUj 4 jiill t> Ujjij million 100 MPN/g <=JU-aJI j±. jjjU-B 

^liai «4j t ^ 11 1 »Tl (jl (jj^ (_^aj-all jjIuj ^^gjll elll \\ ^1] jUiu La LJlc-j 
jjjU>a]I aLaa. t_l^J .^Ijallj duc.1 jjllj tCjLpllj 4(j^aj*JI JiLa "AjaLj o^uia." 
4alajJI j sjUJI <lnll ijuni <SaUll CjljuiaJI Luja. 4^JUa3I jl <aJU-aJI jjc 
.<_£ j^aJI jLilil j^a OaJl l^i. 4-aU <3SLlll dlljui^\l 4jal j^i j] .LjJa. AoiiJI 4iull j 

B <-i«-a]| hjx*l\ <A*al\ Jl >aJI LjUHala 15-11 

jii*J V tdlj *E.J 1 g 'l^lj tAj^aLk 4 7. 11 t a B t <jL^a]l 4jjaaJI jl jaII ^^Ijj 

:4jjVI lIiLiILIaIIj ^^ij jl (^gjijjjj .(_^aj-a]l j-a 
. 4j jl ^)jll CllLu j] jail (_J jla^a 4jSI ^a . 1 
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. jjjS Jla ^jJI CAjJaj-uaJI (j-alijV dAAaaJI ^AalJ .2 
. jjjS Jla J) CiLjaj-alll (j^aliiV AjalfLall dilaLxJI ^^aloil .3 

SjjS Jvla l^jliic-l ^aj ' " il jjc. ^fm jSat Ajjl^jjll Llllij _jl jail 4jal j^s i . lUaS 

(jli .^jjjaJI 3jL^aJI j| jxll qa i_ila. jjj MPN/g jjj jjL ^ Jal (^It QIC jfuo! 

4jjja <l& j^Vl t.ill-in tAalU-all jjc. sLaJI <> 100 million MPN/g -kuojU 
^jLu^l ja£U 3_Jl*lt ^jil! j^j .1.7 log yij! Jb. J_^all B 

(_paliajl ^gJJ JA»iu jl l^jJa-all (Jjlajll ^ jl jLufcVI JJ«J ■UjlS-aj 

.V jjL> 0.3 log — U ^jLw-all jaj^l .AaJU-all J!>la 



^fl f UJI (Pzthogens) CiLaj^l Sjja :8-ll Jj-j* 











^Ojflll 

CSji-aSl! 




a_^UJ 













































<aJU»a diUlkLa »U/u J (jijjj iiilli ^i] 4iLja] .24hr Jl^J (jl J L^J* 

.ia jjlj CLlLja^alll (j-alSil CjLLc 9-11 Jj^aJi Jfrlij .5JSU1I tllljj^aJI <ail£x 
^gjj Jjjaallj t^ljgjl L_kjaajllj 4^1 jA^iUI j ^IjgJI ^JagJI lilli Laj CJJJ^ 
(j-aliij j^Ic aj^li 4js1^a1I dlULa*]| jj£j (jl MJ . JJall 4jjljxj c^Liuai ^jjj-a 
^ CLiaj MPN/g 2 million (J jLoila j (jajlal* JSjjj tllLpjljall 
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jl^al] ^jja. jjlaaj ^jSJ t(_Jiall 4jj_jia 4JJ£J ^)JC ujj^ U' <— SjJ-* 3 ^ oLaaJ lA^J 
sLa^ (jiajli £-a (Jxlxjll 1 i^iJi^t>. ^gjlj^JI ( i i >t^ \\ AjLaC JJjiaJ -iaJ .ajlllall 4_iL^a]| 
CjV jU-all CA£& & .(12-1 1 J£jill) AjI J CjITjj* . X\ V AiJU-a CjUaa^a (_> 3_kiia 

%99 %98 th^ <J fiSI jll ls i^J .sLaJl 2Lplj^l 

(jl I jiaj J ttlllj ^jic o jilc . (Jfi-iui (Jj^Si (jjJ tAjjL-^ajal AiKj LafLul^-ba eLaJI ^jj 

Clll jLoiiluV! JJJJJ U^°d tflj;! * - ^ dll iuaaa3 lgjLa.li. ^^aij 4j_&£jll CsUaa-a ^Ja* o 

.L_Sjj^a]l oLai. 4_aJl»-a] ^I^A^iUI ^jJagJI j ^^j'^joll (jjVnll CjlA*-a ajJJ^I 
(jl^i. i . ■ a *N ^ jj^axJI (Jj^ ail Jaa^j _jl jfilu^ lal 9Ja I Cjljl^i. (J-^j ^ "^U^ 

jl ojjilj Cjljj$-aJ o a o.H*J-a jl oJjLa dlljl^k ^^A 4jjl_&gJI CllLajJalgJI j .<Jj£j]l 

■ -jj i ujpll j*j ^jiUall Cy s-yj^i ji jf^ ^^1 A ^j^j'^j" 

j^uiaU 56-11 JS^JI J^J .dlUj^aSI Jji > ai ^_sll)l £-a Aik*ll S-lL^ll jl j-all JtSjll 
Cllljl^i. (j^i j tjjlla]! (j^a ^■"^ ■ ail i-jjj^all ^-a (J^IajB ^jl a ^"^'"'J ilhi^'j* 




(Union Mine Disposal Site, El y— s u -> m tij—us 4 aiUa] iuIjA CiUJjL^I Sj>ua :56-ll Js^i 
tou, j^U iAuall jt>*iU £Uu»S2 o*!^ 1 f*2al*fl (^Je f Ij^Jt {Jak ju .Dorado County, California) 
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AjUjlaj l— Sjj-all oLaa. AjijJa ^IjJI <\ i ^\"\\\ jjjla-a (jjlfJJ 

jjSjj dllj AJajujla ^j^j^a oLaa. jIjSLujV ^Ul AajJI JaaJI (jl .^IgJI £J^1\ 
^Jjj 4Jj-JI j| jj] (J jirfi Ajj^a. jA 4%1.0 (jJI ja. (jijJ AjjLlJI AoLJI i _oJJ 

<300 j 200 degree-day Cm ^ Ajj^ S J* j 640 (g/m 2 . d) 0.04 lb/cu ft/day 

EPA (jl JJC. .oLaaJI JA»J C fjJa$]l 0 jl ja. Aa. jJ L_> ^Ja j-a tlUma tJ&J 
(jiiUaJl ^luj .B t alkali CjLJala eLLjiuiV JS7I C J& f JJ ~ Aa.jJ 800 L-lUaJJ 

^Jj .%50j %30 ujj Cjtf>aaJI ooa <J BOD -Jl j SjlJJI AjL^JI jIjJI 

^j«>«n"i <_ji 3CU ftj 2CU ft jJJ ^IjJI ^.iJalJI UJ^J tSjjiu-JI i— it ka J l 

0.01 lb/cu tjjj ^jIjjj aJja^. ^cjjj ^Jl j&\ .A^JlxJI 4ia^J jl£JI 

alaa. Ajj$j t^kj .(320 g/m 3 .d ^Jl 160 g/m 3 .d) 0.02 lb/cu ft/day j ft/day 

(jj^Jj AjJa AjajJajjj .^lil]! (jjaujll ^» jliij <LajjJa^-a iiLaa. Jaj^iLa L_S^)j^a 
V .AuLa jl j-a %2.0 <—JjlflJ La (_JI AjL^all j| jJI JJ^JJ jj-^n <jfLaJ 4ila t*l jA 

(,n.nn .%2 5 jj+v aJUJI J jJ3 i_iauui (jaljiall ^^aSil jj£ jJI ji j^u 

SLaaJ JJJ^ll a \l (j-a (j^alajl isjjSLa J£LLa e^A AjjjlJI L_Uj u jjll AjjlaJ 
Lg-J^jjoJ jl cAjol jj (J^ajl (_Jc. J jlaJI ^ AxjLJI ^^UJI <J^>iaj .AajUl 

(jl <— Ja_)9 tt <jS->"ill dllSJa ^"'-^ (jli .AjLaj <flJa ^Jc. 1 g Sjaaj jl jAl 
tluaj A-a _ajJag-all oLaaJI (j* jpSI jl 3ft J^Vlmlj ^ajqJ Aa, ^JJ AALaC jj£j 

•2in. AilaJI a£*£JI lU 

jljJl ^JaSLa L-la-ui £-a i^LJI sLaaJlj oj-aLaLa Aj^ilj aAc ^Ij^JI ^jJalJI Ja*J 

Aiaa-a AjI^j ^Jj ijuj t.lj.njj] ^UJI fr jaJI Q^aau .<Sl£Li ^JilU aJ,^3I 
t^J-aJI (JjJaJI -^J^ aJUjIIj Ajalall sLaaJI qa s-ja. Jljy LaS tAaJUJI 

f.^aJI ' _ 'J ■ a Jp ^JJj jJI AjI^j ^3 Aj^ij £-a Aj-ajJ ojjJ L_Ujaij!ill j Ajj^ill jjSj 
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■ L-bailla g.lL«a dlli <jaUa JJ3 ^1 jiJI ^ UjjL?. aLa^JI (j*J& 



^ AjjjaJI AaLaH jIjaJLj J>-ajli jjjS Jluu CiUaj^II <>alij| CjLUc :9-ll Jj.i* 





















J %38 < (VSS)o^J 

ji. 1.5 > '''SOUR L^ie 

^ lit J (20°C) 68°F ^ 
> (VSS) -1 JL±\ 4^ 
^30 ^^%15 


(20C) 68F i^ji. Ljj 40 




(15°C) 58°F^ J ^L J ,60 
























j %38 < (VSS)o-^J 

^L^aj ,-»U<i*i ^ IjJ j Lo-ljc. 

%17 > (VSS) -J 

ifjJ 40 LS^a 

<SOUR 








20) ^68 ^ U 60 
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sjja. t j*iu« ^isj* Jj*- 
J) 95°F Ljj 15 (l« fk»& 
(55 °C J\ 35 C) 131°F 










%38 < (VSS)u-liil 


(0°C) 23 °F < *2*i J) oij^ 










b J^J^ ^"J^ lI^-SU (jl < ; 

104°F < sLaJI ^jS 
14 sj-J (40 °C) 
(45°C) 113 F 


o i —" , a ejl^p. 1 - lla j 3 ^1 i_lj J - tfa ji^ 


C.I L-lUuul ojUjj «LjlajJI 








< sLoJ pH jjSj J ^ 

11.5 <J jjjeLu. OA*] 12 

24 hr sj*1 


pH — 11 ia. jjjJ jiaJI UiL^j 

(jjjeLu; Jiol 12 oLaaJ] 


Ca Lk-JI (JjiiJ 
y^JI j^J J (OH)2 
CaO 



ji ^ua-l :SOUR (*) 



4_iLa*JI (jj-^ (Jj-a aJjk; > aj 1 La «.LaJI O-^J _J-° 

^ ^1 j!Ls (_JSuuij (jlj^J (jJllltlLa (jillLafr qa 49-11 Aj^la-aJI ^ Aj^aklaJI 
IgJjj^jj 0J;1jS AjjjJafr CllUS^-a aajaaj (j-a ^J^H aI^jaII (jj^JJ . <La jjJa^-aJI aLa^JI 
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qjh alalia A£.ja~\ a (Jj3 jjA Alaj-aJI aaA jajj • Oi^ JJ^^' "^^>^ t>° t — ! U*^J 
4(illiA AjlaaJI l— alLJ tjli jj? '"^H j-a 4j^ ^JJJ ^ Ajtxi CllljjJj£j 

uj (jja^U! i^Ksdll (JJT.JUI j 4pH II ^J3 A-aal jloll ,j^aLaa.^l ( j^iqVl>ii'l 

Ajjlj Aja.j-a t.'^'j J-aSfl (jli 4 P ' W pJJ /e^l J .AjSjLaJI ^LaJI 'aLaaJI "(j^a-LaaJ 
. (jjjjfill ^Ijj (j^JJ-a ^j Ajj)'>i»ll (__>iaLaa.VI (J^J 3 ^ (A) ' J)Utii (JjjajlJ 

Ija. A-i.nU.aai j AjjI jAV I J' aa ^Jk (jllLall (JSjoiJ j (_paLaa.VI J^" ClAj jjj£j]! j 

jli 4 till j ^j AiLial .AjjI jA!HI aUaJI j 4pH j 4$jl ja. Aa.jj AjjjjII l_s jjiili 
Ija. ojj-a-a 4 ( _paLaa5U Aj j£-a]l IjjJjSjII (j>a Uajl j-aj Ja*-a (jIjja]! LjJj£j] 

£ jj J£ j > <aaflJ 4 JUaJI Jjjjoi cs Ax3 .AjjI axil dlblj^VI CjLIkLa <J Ajjj ajaa-aj 
LaiiJ 4AjjjJa»JI (jiaLaa.Vlj t_j^/ja£JI AjjaiLuil 'ajjj^J 4-laS3 aJjIs t-jl J^j>a t_>aj) 

AjUall jjL-a^S CLlljjj jjjJI j jjAall j 4C1I jjjA jJj£3! j2 jJJ V 



C0? ' CH '< 

Aj^^c ^Ua.1 j (49-11) 



ejL j jl Ajj > >it \l Aj j-aaJI ^ Aja.bLa SjUj j-a Laj Aj j , >v* \) (j^Laa^l ^1 JJ £SJJJ 
^laa-VL; jl-la^l jli 4jjj]laJI j-a (^1 ^Sj . JjiJall ajlja. A\a.jJ ^ s'jU 
(jjl jjJI ^»JC t - iii n"nj A K mi <\ll LjjjfLuJ AjajJojJ AjcjJI jjlaJJ Ajji axil 

Aj j^aJ! CbJaSa-jl I jj V] 4PH A-aja ^ Jxua-x (j^Uajl j jUJI ^Ijjj j^lVi; I aA 
a jC-J (JaJjdj CllLajJaljJI 4-JJjaffl J3 .Ajjliill Aja.j-<JI JC-Uj (jilajjlj ^•IajojII Ajji >v>\\ 
L_aji-all eXjua (j^a AlaLJI jlj-all ^IjJ Ujajl (_3J*J -^3 .Ajjju (jJajlil Ajajjj^ 
^Jal^JI J^LLal ^3^"^' '.1Jmi\I JJJSJj .^uJagJI JcliJ 4Ajjaj]l jjU-aJIS 4AjC.ll^a]| 
j»Ull £-tjjV!j 4'ajUiall AjLall j| jaII aJ j^a. Aj5lj-a jj . jjjSjII jj£j Ulc. 

jjJjSJI jJjo£l ^gjlj AjboUj 4A^a Sag <\\l aLaaJI ^gi ajllUl (j^aLaa.VI jj^JJ J ' jliil 
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Iflfuwi Ijl^j] ^ la**^ JJ^ 4 Jjjall <_gA <UaC.ljJa]l till jUJI J 

jj£7l l_UjJI JJ Ljajl (jl LjaJ tllLoiLjall oigJ O^JJ • < — 1 J-^l "t^J^ <_U»J 

.AjjjJaaJI 4j j<i^»\I £a l-lja J^H) lJ jlill ^l^V ^^Jtfbj . i— iLjt i VLu^l 
Jj» uS ojlj^-J <Uja^- J^a-a IjSLoi-a ojlc "ijtilall (jlaLaa.'Vl (_£jla~a jj^Jj 

• ■AjjIj 1 111 n*l Jifj (jl (j-^J^ .lluiSI ^JjJ AjjIaII 4 Im'lW 1*1 J Lo£ .(jjJ^a-a 
JajjA (Jl JJ I Jaj lilli j ( pH tllLoiLia J^yLk (j-a -» ■ *Hg \l 4aiil j^s aJti <jlj ( _ 5 j^ajJ 
J j^aJI £J-li .tills. jS **HaC (jl Jl jjAi Aj^l j t JUa&VI a-ilc Jinn *V pH 

. Jl jaV ^.hal cjV >»aJI j J> .y<H «j jjk 10-11 



SLaJ yl\ jAV A_sUJI iiV>»aJ j JjiAill ui jjJa :10-11 





SjljaJI 4a jJ 


(36.7°C) 98°F 




(29-37°C) 85-99°F 


^»lxJI (Jjiolill JLawa 




PH 


7.1 Jl 7.0 


Ala. j jAill 


7.4 Jl 6.7 


^»lxJI (Jjiolill JLa-a 




jlill (_uS jj 


%69 Jl 65 




%35 Jl 31 


(jjjjffkll 'Ihil^l j^jlj 


80 mg/1 Jl J3 


j;^ jj \'3 SI ^ iS 




SjljJaJI (jiLft^*VI joS jj 


800 lmg Jl 200mg 


j»l*JI (Jj*r,i**)"l\l JW^ 1 
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2500 mg/1 J\ 2000 mg/1 




lb/cu ft/day 
0.02-0.05 (lb VS /cu ft/day a ) 
(lb VS/cu ft/day )0. 15-0.05 






S jQall ibl^ j( J) jiij 


%70 J\ %50 




%50 




Ljj 90 J] 30 












cuft b /PE 6 J\ 4 




cuft/PE 1.5 J! 0.7 





a 1.0 lb/cu ft/day= 16000 g/m 3 /d 
b l.Ocuft = 0.0283 m 3 



Ala. jj^I Op. j a<uafrll 

j^ij U£ .(57-11 J^) *Ua& lj Lul jAV UjJaU Sjjj-all j$JoJ 

A^luij t(_£jl^p> (JjIaoj 4(J^yj IoLasJI jjj-N i n"n AjaJJ^a AjiUial dll^aua ojjjl^iII 



923 



^Jc J^l q-t \\ ^jJal^JI (j-ajJa (J^la. (j-a oLaaJI "T^*"^ > * ^ « ^jlal 

aj ^g'i aLaA. 1 fl'Wi ^LjJ (lS' ***^ t^-^ ^3?^' L>° ^J^- 4 " J AaiLj 

"T 3"*^ L>° -ij-^-a jJS ( ^ ' iajj .^-a J' ^ ^ S jl^j ^ AiLtlaj 44j.iC.la 4jLlIaj tJaUiij 
Igjjlol j taUtaJI (jj-s > aJ <_J^.^)a ^JlC I&jI^aIj <LajjJa^-<JI isLasJI L-laual (J^li. (j-o 

IaI jja ^ cJjaj A^jjaa (^jilxll (JjxaJI L_lLajJal& (jj^Jj . lg-L<s ftLall 

qa ftUJI £ jj *jj jl (3»:'nj cAjaL-a AjaUa j| ja JjS *n J Jl . aajVI ^Jl 




J^>«) flja 1 ii'lt j»Uij ^»cj31 i*j!jiu n 1 h" .ijjIj *Uae >»J tr^'j*^ ^*Ial^J 9 jj^a : 57-11 Jiui 

(El ) y— U lj jjUi S<; jij ( Sl—*aJlj 4jji* 0^ -(SU»Jt S J jaJ Jjtu j l( >siLy. aU 

Dorado Irrigation District, El Dorado Hills WWTP, CA 
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JJ3 jJJ Igjjl ja. Jc- JiaJ (_s'^\ (JjIjoJI iisLaaJI ^Jajai J& jilaU A-jJa&Vl 

aLa^JI ^jLi- (jl oil jliil ^<\7>j . c.Ua*JI <__ul_a^.j (jljiJI jl.la. (joJ 4 a£a o is.sl.lui 
jUJI £ J 3 'sLa^JI lI^-^" 1 J J j3 (JJ^J jliil AJill J <La j> oil 

(j-a IjLuC.1 LJjSLj c-UaiJI tSljajj (jl (jfLaJ .(jljla.1 J Aijaj (jJajUll 

<l\ jkJ (JjS (>> Igl. 3* 4jl jaJI jl^a. 4-a3 ^ J&SU IgJ ulLaiJ ^1 CjLalcJ 
dsLalcO jjj jj.^i^. Jl aa»aJI jj .a£j^JI aSIcV Li-iliu $.UaiJI JaJ^-a Jo oJj=>._a<a 
jj jaall jA <&UjjI <_ s J»^iil J «iUaiJI <u!l LS^' J ^Ln«VI 

.LujSj JfUl jj^aJI CLiEi JjLu I^A j .4-a jjJag-aJI SLaail ^tlall 
<Jj^a]| jl j-all ^jJaA t Yt\ h j 40.1l^j Ai^j-aJ ^jlxSI #.Ua«JI jl j^ J P > II 
^jLk oLaaJI ^LjJaJ LaAifrj . <La jjJa^-ail oLa^JI Jai^j t Jlsoll jjW'^l J tojulall 

.sUji j&A Lo,ii jcVi ji *u»ji ^ t^i^i ji UjVi ^ jili our> 

4jJlil]| JJj Lyjij (.SjLoij <J3Ua3l jl j-all ^^a jj ^ JaJ J j-" JJC- AjLaC ^AuiJ 
i*j tfcLjl ijJIj BOD —II t> JSj J& L^jauu^t *LaII jjilj . f UJI sLaJL 

j^sj l^j-a *.La]l ^ Jil L5JJ J L&^J oLtaJI JljjJ •4">fl» all <lxa-a (J^A<a JJ 
J j£]j tl/\)lKj,a ttiaaJI j* «.LaJI £jj jaJJ JS3 t^jAJI tllUaauJ Jj .l^kjla 
jl Mjfrljjll (_>ajVI J& <SjLolSI IgjIlaJ aLasJI jxtin La Llllc. tojjau^a]! I— Ljiiall 
(jjiSJall ^aJL La Llllc j .^goJaj^l ^^31 Jj ^ ^ Jijj j lUJI CjllfL Jc t M^J 

Jl iLaiVI ClLalfrJ J] «.UaxSI Jl jjj ^JJ t ( _^j_4Aj Jjt.»*u J j .4_JLajai3l (^LLbaJI 
. <iLjjuall iS^- ajjcl (jjjij JJ3j^ AjjuJI (j-a L_aj^_)iJI (_L^aa 

SUJI J^iki LaiiJ Sloj (-Jauu. ^ ^ 4 Ca,UUI ^LkiJI Cjlj CjLa^VI U 
dllj dlLajJal^JI ' . llWn .dulj tn^ Jc laal 4^»Li. oLaa. Aj.i»JJ 4-ajjJa^-aJI 

i_ajj^a CiJ^-' ^'j^ J 1 tisLaaJl jl jAlj cJaii. CjLiI dulall ^Uaill 

t j£-aJ tduLa *.UaiJlj CluUj A^aJI (jl Jj I Jajj >L^J3 4j.\n»no\l <La _ajJa^-all aLa^JI 
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£>j jl djLo^l^U 

( _ 5 ic 4joLa]l i" \\ y jLJI j nil <-_ujLI J LSj^" ^j^J 'W^J^ 

(jjo^O jjc ^Lai jVt 4J1 j] <j£-aJj .jl jaJI CjLjii-a £ ^ l^a. Al\jd ^J=uJ 

( . 1^. in l_ujLiI ^ (-J^JJ (j! ^^gAjlaJI ^3"^ n^ifli La£ '^j*^ aL>jl 

(jlj^ ^jLi 4j£j-a 57-11 JSjjoII JgJaJ .<a.jLi jl f -» 1 'A g \ \ 

a.U*la i_Ljj^aJ Jalij I . lllaSj j tl^a. 4jLt3 Liajl £ j*J! ClLkjJax j .^uJal^JI 

(-_) jijl (JAjJa IjUjouI i_$ jlxJI £_>*^ (J^J^J "°J^ CllLaj^alA £»a (_LA*j3I 
4iUaJI ClL>Li.Xa tjla JjuUjj ^j-all cliLdlxLa (jc. Jlaj ^Sj '^_><J' <j^*^ ' ■ ' 

JJ hp/1000 cu ft 0.2 AiLUl A^^l ^1 j .jljj^ll JU^I i>jll J 
cJaU; ^1 .(0.008 kW/m 3 0.005 kW/m 3 ) 0.3 hp/1000 cu ft 

iJ^LL j^ya jjl JLaa.] (3** j 1 . ^ ' (A) •^3 -a L5^] ^ J-^-a^ AiUall (Jjjaj a^US 

^Jc j-aoll fJue>\ i ,Vl\l .XailJj j<a]l t -iLluul (J.i»-a ^uJal^JI "T - ^ f»J ' 

. 60 min J] 30 min **IUI jl jjJ! ^U=J CjV^ 

^ jJ^JI jIjSLjiVI t fl3\ h j J> ,->q; t J i ill i iull ^jic. jbuJaLk AoLaxJI aJlA J ^jL 

(jajoijj LaLaij .58- 1 1 (JSjuJI J jJf-a jA La£ tjli&ll JaiaJlj jjijall jc 

jSjjjj .^^.jjAJ (Jlskj (JjWil cs^*^ J^a-all dllj JjVl <]^j-all o^j 

<:UaiJI ^l^l^Lj .ajlc jl CjjIj ^Uao Cjli CjbljikJ La] A-aJij^l a^A 

'aLa^JL AjOiall JLa cJSjij «LajjJa$-aJI "eLa^JI Al\ jV 4^.La. La 4ajLtSI 

tjLaj V cJU ^1 ^kj .rifij ftlLill cjbl >■ ^ JLJI ^JkL LaS t^UJI 

^,<miij V j^'iiii^ll ^_>aJ' U' LS^l (J^ J-^*- 0 4aLa& ^2 (j^^ 0' ^LaaJJ 

ajjSjJ (jx (jjJI aLa^JI ^ ^ i\ i all JjaII jj^jjj .( aUa ^ js. (J^mi"ij 

jj! jjj CjI jit Jl ajL^JI ^LJI Jljjl Jpu tSUij 4p UJ sLaJI Cjbliaj 

.AjjLp 
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y_J#! 4_U>J! Jj_ k (!) . JuiLtfll ^ ^ ilkj*!! (jJLu ^Ija5U1 f-^l jUfl ^ 58-11 Jli 

Northeast Wastewater <^a 4K>»JI ^12 (>»^lfr! »j>*a (u) SUaJt Oi>jj 



Treatment Facility .in Lincoln. Nebrasaka 

tiilij tjjj^joij ^L) La_4A& is.la.jll oi& (jjSjj .^Uall ' . '"^ ^J'" 1 " dll.il .IjlIuiI 

(■JjkjaVI JjlSijj jVl aL^JaII ^ o jU>jj j>J (jill jljiloi!!! j ,Ja all ^LvaU Uij 
*.jaJI frU.-a j 4-o jjJa$-J oLaaJI 4ili& jli i^-iVl -laJI cs^JJ^' 

^aLa. lillj ^ ojjLall J^ljaJI " i <aJJ j .,_£ji.l t"ll V>^> <\ ^ (JjJaSl ^ "\<\a"\\ ^lij^ull 
j| j-all ^Igjll ^ jUI Aijla j toLaaJI (_UjLsij]I CLlluLaC <jjj-a j a SI ■» all La " 
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•cij.'^ 1 "^ j^* UJ^J cf^JSill Jj*-*^ u]^ 



^Jc 4i^.^aJI 1}^.J (_g.\;Vl"i ^auJaUo elsljl_)i. f ">"* ■^■^^ (j^ u J ^ aM ^° 

o (—ajj^a elj-a ^lUu ^jiaSj ^jJuj-a Cllli <\Ja^-a ^ AjaJlauail (jiuoi-all ; -> > 't-\\ g \\ 

diUlkla iljj is j .-nj^.^ll aJ ijill (0.11 m 3 ) 4 cu ft 4-aJ (J Je 

dJI jU j . jjill (0.17 m 3 ) 6 cu ft J\ ijjM j U jVl sUj <jl jil ^JSJI ^1 

4ija-a 4JiUaJI olA (JOaLj L-llkjjj .50-11 4jll»-J |»lliujJ-i AjlllijJ ^jaII 

. <La jjJag-aJI j (jjjLa^JI <-J^ (J ajl > 

VI + V2 

V = Ti + V 2 x T 2 (50-11) 

(<l*£a jllal) jilt (JLlUa^l ^1^1 4iUa = V 

(^jjlL 4j*fLa jtlal) c^^Ij ClAjjlle t4-a£ljlall 4-ajjJag-aJI aLasJI = V 2 

ajj\j^. 4->jl (_£ll 30) ^»JJ c^jJa^i] 4jjllxtt]l 4jla^]l ojjall = Ti 

(35°C J\ 30°C j 90°F J\ 85°F 
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^Jc 41^.jaJI ^^jLjj ^JaA ^aUaj ^ <Jlc (Jjxa oAi. j] <__! jilaASI jj^aJl 

jja-aL^alll Jaliii^l aj^ 3 ^ AjL^all .jIjaJI jA 4 <IjAa. 

lb VS/cu ft/day ^ 1$j ^ jauiaSI SjajxaJI 4 ^hr-Vl <S ja=J Ia jac SouaJI 
0 1a .^jj 15 ^Lj J JiliSa^U ^jj (g/ m 3 . dl300) 0.08 

%50 SjP 4jL^1I jI jaSI <jiliij| JjSj t95°F Sj ja* A+J± J ja=J 
<AkiVI (^3 AjjIjJ! SJ^jaII CjbljaJ Siia-a -^..Vi <jjljfl CjjJj J j (^ic 
jajju 1 g jjaJjj Clll ALla j 4-ajjJa£All sLa^JI dll ALlo jjS' ^1 Ijlaj t^lxll JjxaSI 

4 juil maJj jAill Jjxa *.JaJ ^J] I jlaj ftjiixA 4j1aC- ^1 _jA^AJI ^agjl j] 

eoA jjc jli lilli (jc ^ Ja3 . jIjjaII uioll j (j^U^-bU SjJaLiSI lijn^^l 
.^»LaJI ftLaaJI lja> Jj u >i tlAjjjJaxJI 

^U. oLa. 4iLjalj ^_ajj^> aliAJ jl jaj *Ja jA ^-!ila^U ^jUJI *lj^.Vt jj 
sIa^JI ^a CllLj jllc. 4jwaJ dlA laJj i ill jli .IjJjSj a-lA^aJjl Jjxa jj^C. ji^LaJ 
AoIaxJI jli 4(Jjioiall AjI^J «J-^ Jj*juilll jja ^uJal* (Jja l>« l^uiaA (_£jLaJ 
oLa^. dijfl jj j] (j^lj .xjjLoiI AjuJoj jjjJaC. ^ Jjiuiull aj3 jj^ioi ejjj^JI 
JJaJI (jA ojjaJI dsliljJaVlj .Ijj^Jj (J J^'' » ja *M ul^ <Jaia 

AjJaU. tlllaLjal i.llmn i j^lj (7 AjjjS pH (^it 4jiaU-all ^ a jjAa 

tSjlllaJ! (jlaLa^VI JJ^JJ tlAfi j jUJI ^-IjjJ jxjj .Ljjj£jU 4j jjaj sjLa. Cliljjij 
Al ja^. ^jJ] J jj^s j]| ^^la. ojjio-a dlljLl j JJC. Uajjjj oIa^JL AjjxjII Jjxa jl^jj 
oj^j u& jlill VHj^/ LpLjJ Iajoij 4j1a«JI sj^J AjajJI AjaljA^I (jAjJajj .41aI^ 
tdjl jUll ^ jjJjSJI JjyoiSl i^jlal AjjIaII <iuull j tolaxAll ^»UJI aLAaJI 4ji.U*A 
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18-11 Jli* 

lb VS/1000 cu ft/day s j^a J.i*-a Jl sLa. 

otaaJI J^J-« .ojlilall A\\^\\ j| jaII Jja, (>alajjj jUI] .lia, ^tijj jj t0.06 

(Jiii-a 4(Ja^aJI 1—43 jJ sjliS <_£>la.j .^!>L-al (jjJ > J 4lui C5^J^-^ 

US sLaJLi sgjjtffl 

jlc. LaJUC. j .75 F 95F t> IfrAi-SaA LSjW^ sLtaJI sjl ja. 4a. j.} j Sal ia jt 

ajLjj £-a 95 F (jll cluta.j JZ*. <C.jjol1 fj-SaUJI oj ja <a.J^ Cjjbjl JajlU <J?>>«M 
^j^aaljj Jj^aJI Jjif-uojl jjx 4j<jJaj .Ixj (jfil j . jlc Jj Jjalll J Alalia 4_J jl 

cJ.iJj i2000 mg/1 -ij-laj SjUJall ^Laa-Sfl <jij3 f" 2 J '•^ a > J-*^ 
.AjjI jA^UI 4jjjaJI 4_iLaxl! cilia Ijla l _a^a .(j^liaj^U Ig^SaA (SjUJ alaall pH 

4jLa jlli^U Aaaiall t£ja,Vl J <>al-«a5U 4aliaJI dsljjjJaaJI jl^cf (jj ctlllia 
jl_a-a]l aJaa o jli t4aa.j_4.aj ojl^)a dlLajJ (_£J-J 1^^$ <J-»*J cP) '^>^J '(jj' 

<a.jJ JajjAj Ja^aJI (JJaau Jjfr j .Ajjlgj 4_njLa J] UJjaJ ^JJ sjlllall 4jL^]| 

I'l.Wjui dlLljj^aaJl A^c\ jjj 1-ll.la IjjljJ (jli iLg-aj-SaA (_£jlaJI oLaaJI sjl^a 
g;jUJI SUaJI J f UJ AjyJaA '*AA fSI JJJ <4tt! . jUil Jjaull 4*aJ Jla S*lia 

Clli jUll ^tijj a-ilaJI o-llljll si* j .95°F J) cSjaj oj j^JI 4a. £^JJ 

4ia.^a]l LljiiaJ (JjaJ Laiic. ijjjjall jl^J AjjuoLujI fljjj^j Jalijjl 

ojiaLoill djbjjJaaJI J jlaj .4jjjJafr ^j^aLaa.) ojllkll 4jL.all jaII JjVl 

^1 Jfr .JjljlLall (_5jjJaaJI 11 J ^lia^U ' . 'J^" 1 ' ""' (jl (jl"no\l AKjLaltj (j^aaJ] 

ojljaJI 4a. (j^] AjjUJI 4uLa3tll <_£U. ^liill L>£ »aj 4aJjj q S-i^1 'lTl . n Jla. 

L_Sjjlaj (j Utlui l^jli t 4AuiLui a, jaSI jlllAll LljiiaJ jjaSj iiillj (jc. !)L-Sa3 .4jJaia_La]l 
oLaaJ! ojl^ja 4a. (j-alijj jA (JaJI j . jlii] < _ S JSJI ^jlj^ (J ^ VlJ > " j»J (j-a j t(_pxAaJI 
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i^j±ui^\ j cJ-^*-^ '^-^ a ^ W-^^Uj 75 °F lg Ai't-ik (_jjLaJ! 

.Ill ^IjjVI LiaJjJj t affij jj| (jl'naW 4j£uLa]l dlljjjJaxll ^LajoA] lillj j 

19-11 Jliu 

Aia.^All Jja. j Jaj (j* tjlljaJI ^ili-a] AjjlLuJI AjuJI t-iooJ 

jll jjall l^j fQjau aA^o\\ J (>» 0.241b :J^} U> taLu&l *Uac. 

sLaJ ^ Mll^l Jl jaII jjS JJ %70 ifUJI sLaJI ^jLaM iljJ ja^a %0.4 
tajj 30 ^ia^l ajJS t^»jJagJI JDU. 4al£JI 4aL*JI j^l (j^likj! %40 <4-a j.^g J 

. fJ j 90 Jia=JI S Jkj 

eLaJI j 2LauUJI f UJI »LaJ! 3-La jJ pUa&l ftlfl (41-11 ^hVlmlj 

4-a£l jiall <La jjJag-all 

0.24 person/ dav 
Vi = = 0.72 

-.0 1Q0/S.34 

0.60 . 0.24 person, dav 

V? = = 0.25 gal/person/day 

(7.0/100)8.34 

50-11 <taU-aJI LS lc taLuc.1 ^j^al^JI Ajtjuj jla j 

0.72 * 0.2S 

V = j . 30 + 0.25 . 90 = 37 gal = 5.0 cu ft 

(10-11 J ^ 2U.j^JI (jliuJI JJC 
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20-11 Jli* 

1 <\g La (_JS Aju^i ^Lu (JOajIe. (jjjUaij q \ <\ * ^-iIa ^jjj-a A l-i-. a 

_J j olSLuttl cjUci ca^i L*ia 20,000 cu ft £s2 diuu 30,000 cu ft 

^^j-aiit £J3jja]I j (J^i^ loll *.UaiJI c^*-^ U£ ^° £^ 4jSL5I 10,000 CU ft 

(jl dlLajJaLjil aLa^JI ^-UjLI a£au> I—Jjjjj ^aj .^(jj^iall ^) (_£-l<a 

jjg aJ |=JJ .Ali.^aJI <^-^ ^»Uaj£ J uJ i in\\j jl tAj-liliS dlbuJaL^ (_£ jljjlL Lai (Jaju 
J^Jua 4aLaC jjJ (J-^JjJ jlc- £jLaJ <jxa^algJI JtaJ 

j iuLail i jJI t> 2800 lb t6400 gal ^UJI SL*=J] ^ jJ jrLuVI 

LjjS AjLoJI i jaII <Wi ( jijja 4^a j,^ J ataaJI Lai .%70 L$ia ejULlI jl _4a1I 
^LLaC ^fl (I) .jit. J\ SjUUI Jl jj %60 JLjLxll Jjauj t%8.0 

tjjjjl^iJI (j-a Lj^j^aJI ( L^aj ^^alluu i " ua J <ii.j-a]l aAi^j AjAuSj 

UllaJI f bVl J^j ^JLkll s, jajj (SjUIoSI AaL^]| J^aJI 4^ L-Lo^I 

j|^a]| aJj^^. i hn^l 44i^.^aJI AjjLu A \\*c. (^-i) >4-a jj-iag-all sLa^JI (jjjpal 

^a jjJa^-aJI ataaJI ^ <lL^ll jl jaII (J jo^-a j t JjS/l jl j^JI ^jio aj^^' AjL^JI 
.^Lkill <^k ^-llail oLa^JI jjj^J 'cgJ^ J^«-a]l ^uJaU jjLu ^1 

JaJI 

<k.jAll SAia. j AjOilaj AaLafc ^ (I) 

(0.70 . 2800)/2 = 980 lb/day : j^l>J (> J£ ^ f ^lo^l VS 

980 lbVS day „ , . , .., „ 

0.049 lb VS/cu ft/day ±> aJUj a1 



- 0.033 lb VS/cu ft/day iaJoc^I -L 5JUj ^1 



20,000 cuft 

980 lbVS/day 
30,000 cuft 

'J% *Jt *Jt 

V 1= 6400 gal 
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v 2 = : : — 

^ jjU-/100)8.34 
_ 0.3. 2800 + 0.4:;o.7 ,2800) 
2 ~ (0.8/100)8.34 

V 2 =2400 gal 

6400 - 2400 = 4000 gal/day : * >ll Siel 

:'o^}3j1a]I <Laj, 'sift a\\ oLoaJI (jja. 



2. 10,000 cu ft. 7,48 gal cu ft 

— = 62 days 

2400 gal day J 



VS JUJI dta-ol! u r > ^ ^liluilU 2800 . 0.70 = 1960 lb/day 

(20000 -7.48)/6400 = 23 days 

30000 cu ft £l£ J <JU jjSjj 

0.065 lb VS/cu ft/day = *J j-aJI 

LajJ 35 = JaUaa>VI <>»j 
JjVI <Ua.^A3l jjlij <La j. Jog sLa^JI ^gi 4 \\> A jjoW (_£ jla^a j 

<£5UiL yaa-a (41-11 4LU-a) Jlc J^a-a ^uJalgJ 

s = J " " = 1 0% 

6400 3,34 :oo 

j^all Ajjlall 4_iudill (j^qVn .5jLia j| j-a %5.2 ^»LaJt oLaiJI (_£ jiJ :3JaaiL«) 
4jL^]I j( jJI Jjj^ ^jj aS\ J\ I tJj^JI yJle ^fl %3.0 J! 

.4-a jjJa^JI oLaaJ Uj^"3 ^^aliall * j»JI ' . fJJ V LailJ 4 jlc. SjUUI 
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.(L» jj 62 S^aI 

jj t_j_Jfjl ^-ajodj tAjjjJJJ ^jlj-liJ 0jJj£ll dllaJall > a£j ^JJ . iLa jail (j*a 
jlxj .Ajlk (_J£ J'°"' i " " lKjoU oLaaJI t dlLajJalgJI (j-a ^J^- dlUI jJJ 

4^JU-ail <lta-ai] 4_lLj1I ojisJI ^1 ^.Jt ^L&j^l L-±ud <J ^.^J £coiljll 
Ifrlfa^J Ls *-jh jj iJjLoi AiliJI oLtaJI t jiLjj .^LiJI L_Sjj^all oU-a £-a 

59-11 J&ill J«-^J .<j^L^ ot-a=»Jt ia>*£] <Ulal ajjLLa 

4£a£ll Aj^lSa-a <UI jlj ^Lajoill 4i jj^aj-a ^ jiuuj £-a t baaoH CjlIfL djljijjj 
in. <*ijJJ sUall <ljlfr (Jj^ (ty ALjiJI ai$J <±JuJ$\ Cjlajuill j tAiUJI 

Alauil jJ (jkj J-^?JI ^J-S-i A^lS t 4ijia]l ^Jajo. (Jj3 24 in. 18 

.4j-aLaVl *oj_aiaLaJI jl^)iJI <J_a^Aj ^Lajoill tillij tt ■ Luiai ^1 jll ^iot^ 

^joij-a (j_j3 t4^aC-ia (jjot^ i]^_J AiiiaJ is«._aLa-a ilj j£^)-a AjlS _4aLs L_Sjj^s (jjlii 
^ nl ^gJc 4i_aj-aj-a Aljalo .t_l2La ( _ 5 iijai ^LaUjI ^Jjjjl LSj^S J' 

i^l (j-a oLa^J] (_J^J-a | j 4^jL^ L_Sjj>^a (jJ-atil %2~3 ^IjJ (j^jiJI 

ft aJljLJ --.IS^UI J^L ^ .(J j^Vl Ajl^jll t> ^UaJI ^ t-Jaumj tO^W^I 

in. ^j'^;" oLa^ C^J^i ^ij .20 ft lg i 100 
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sttail £-UJ!j VLJl Jljj lJL jj ^UJ! *jaJ1 v ~...j t J 12 
^jljJJ LaLaJ 4iLa. £.ljl_4jaj '■^f^ <_1^»J 4-a jjJa$-a sLa^. (J^J • <— iliaJtj 

.(jfiM j& a^jU 4jaal ^jLi 5 in.j 3 in. jjj 1 $ "nt &j 





(HDR Engineering, Inc. 



Jla Ajj^-j Aj^U-a ^J^» lW J*^ jo i ?-Tn .(—aliaJI j-aj (J 
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(_Lil jC Jj 4iLja] t^Ljll 4x. jjujj c4jjlaj]| j jlxall J jlag \\ j ca jl jajl 
L_jjjjaj tl^jS (jjA.il! (_£j!ia-aj tl^jLu 4L>jJ (J^ (j- 0 SLaaJI (j-ajL^xkj (J3U.T1 
(jjljflllj . (j JLJI ^-LiujVI 4iLji S^^ 1 ' l -*J^ , J t tttVllI 4jLL 

ftlxu^aJ yl^a JS1 2 J) 1 Sq ft ^ 4juLJI 4Ls>Laws IxJ .Ip-kj] 4j=0 jajII 

100 ) lb/sq ft/year 20 U j^a 4_d^ i CjV J iklU! ^LWl BOD 
cIjLjV jll J 40 lb/sq ft/year Jl jj j AJUil! c^LV jll J (kg/m 2 /year 

J^&ll L-ijj^all Uuj £JjLJ Jl ^Ljl AjtjJaJ jjj ( baaall (j*j £ j'j^J •^J^' 
. J=k_ul] 4jjuiliall 4j j=JI (-i jjial] j 4jJa jll SbaaJI ^ja aLud! 

jLaui Jl Jjj^ill 

^jjL^a 4 (Composting) .iLajai Jl Jjj^ill lc jai jjall jj£I j^KVi 

l_ajq> jfLaJj . Ji-a J 4jaJLuaj i4jjl jia aljg-a 4-a j£j '^Lj (-lll^j-^xa 

4_jjj CllaJj 4_Laa-a jl (_£jaJI e_SL/l*ll 4_jJaj» - a (jj^ J J^^J ^^O^ dllAi^a 

j3jj j c4jlall 4jal jaII j 4^liall Jc- t4jl <\^>\l j 4_iLaxll jLii.1 ■^ a ^*J -AS jiLuia 
jIauJ 4jjljxa jS (Jjjaj ( . ilWn .4_pL^aj3l dlljLudj t4_]ajljj 4_l±La (_L>ljC. 
131F Staajl ajlja. 5a. Jo 4 Lil -s t CjLjajA!ail j£\ Jjlai t-flOfrJ 

Jc JaaUo jl iba ^Ljll dit ij^xa jL^> La! .^U 3 a.ial L^a ja La jl (55°C) 
CjI (j^ lj1£ jl j Ujj 15 S^aJ tdli t> Jcl J (55°C) 131°F Sj a^jj 

.S jSall a^A J^U JaVI ^ 

ClllAaC 4 )-mil jj 4_iLjll 4jj > >it \| jIjaII jljiLail jA Jala .a ^Lajoi JJ (Jjjaall jj 
^jJa& 4iLial .4jj^illj ^ojjjj jaljSI ^ 4jjjJaxll ojLall £jJajJ LaAic- lilli j Ajjj^ 

CjljjjJaxll jxaij jA jLajoi oLaiJI Jjj^J i-aliAl jli t jisLill 4ij\I11 AjjjJaxll ajLall 
jLajai ^jj-al ^^iwij-ajll ^jJajll (_5jla-all j .L_ajj^all j 4jj£ i. La^Jj 4jJajA-all 

^jll c5 J^all U j0»-a ^ %40 jjJ La ^ J^>J -%60 Jj %50 jA 

^Ijj .4Laj!>La 4jj^j Cllj.laJ ^i/n Lo-a jjSI t ■ La j-afr %60 (Jc- ijjj 
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. J&1 j %50 jLu- J\ Jj^\ *UI JjSaj SjUUI ^LLJI i^JI ^likjl 

< _ S JJ l-i\-> oil jLajaill <-aj£ ojlj^ ^-=^J^ £3j ' . 1>J t(jJL*i jljSluil (jjiaalj 

.(80 C) 176°F cija ^ UwLjj 14 s^l (40°C) 104F 

(.\ jgJI ajl ja> 4j^aLi. j t4 j-0 (—SjjJalljj 4<La (JfLl j jiSAJj cAjjgjll 

a (jiA (JU^ (jc- ajljc ^li ^><i\l M-n all jLajuJI j .^g j)-i<^l JJagJIj 

^ 4jUtil (j^aikla <U3 djLjbua]! <_£ joa^a <jl f^-J^J .%40 (>> (3' (j^-^J 

Jjjj t4jjall £-a ^ j«J La^jc. ^ll«a .4jjall jliax t aj£ a 4jl Vj I^Iajoi ajbuc-l j£-aJ 
.C-LaJL Jalila.Vi (Jc- 4jjjll aj^a L-iLja^l ji^-a 

AaL^a J j-a "a Ac <jj£j ckli-a ^Lsjoi J] Igjjjau ^jj ^1 aLa^JI 4£*£ jl 
(jl (j-a (»C-JI (J 0, ^J^.]^.)^ S^LaS joaJjjII ^l-XkiaAj Ig-la #.La]| 

jljiLail (jjiaul a Aaxji Jl 1 > iaJ) Igjjjajj jfLaJ L^j?- ^(3 ^ aLa^JI 

Jj %20 4.1 un; <jLa j| (Jc Sjlfi 4-JjUJ j 4 s Loll <Cjjia jj •/J^aj 

^ jaJI Ajjgal 4jUiilla Allium djli (_g£ (JfcfJJ La-a jj£l <U^aljla t<uiaj C%30 

jA»lui al aaJI jla 4<_S J=J ai-aj 3 UU „ .J jli .4^ CS^^ 

(J^lc jl ii-_uiaJl ajUoj jl ijjiallj i^jLaJI dl J^)JI£ 4j j 1 >ir. ' " ^ *« ■ " ^-a Laj c.La]| 
a^.j (jjj (J^alij) ' . ' » t3^^J S^lft (jj^J tLaa^i. \$u aSj j|jjlai!>U (JjIS 

.AjjI j^ll tlilc.1 jail SjLjjj 

e^lcj ^j^J (J^l J^j t_s jL-£all a^A 1 ■ ulSj j ^^^-j jAi j' ^J^A 3 

elll^suall ^Ic. IjLaJclj .(_^ajLaJLa ^ ja^ jljaiujl (jLajJalj tJaia-aJI jLaj-ull #.Lb 
ft 4 ft <jA 4juLill jUuVI j .LjajO j Iclajjl J j^Vl (jjlilj t^alVl. ^11 

.La jo 12 ft Jl 8 ftj IftUi J 8 
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tJ jli« Jiyi CA j i_iji^a ^4 <U£I jl» j "Uvjj ijlAuia tjjii^a (jl Iala-» jIaui ^9 JjjaJ 4ii :60-ll <Jii 

0&Lal\ ^^ajJa J££j 4£jaJI 4jjI3 JaLL-a i-ajJ JJj^J ^jl 60-11 Jfr^i 
^Ijfll 6 ft l^X-lijjl AJJ^J 4-aj£ JfLi ^^ic- ^LjJ Cjlj^a. LjjL^a clgaSjIa joj 
iillj^-a aJojJjJ ^3^' f-y Sjlfrj <ULa. ^ ^ j 1 12 ft Ig-K^a JC j 

sU* JJ t^j^l j^b C5 ^JI (Ca(OH) 2 ) L»kJ! jj^J! AiUJ ^ 

JjLaJuj pH liUij sLall "L&j^ia oLai. j\ t*La ji ^ <i oLai. ,*La j. « JJC. 

CS^' PH CS-^ J 'OJ^iaJI i >a]l JJ^JJ J£?JI jlj&lJ ' aiaJ V . CllLia jZill 

U-lic tjixLl il0.5 (jj- 2 ^> PH —51 -W* Up -LSj^ JaUiill '11 L> 

(jj^jjAl^JI (j-a IjJJ^ Ijl^La (J£.uUj ^JJJJ t^l^agj AjluiLa ( _4Aill Jjbu (jl Ljjjj^jB 

A LA-all AjjoaJl 4uluall j| jaII CjUlala 16-11 

;^jL LaJ (11-11 J J^\) Ujlijlail ^jS-aJ CllUllalaJl j ^ Jj^a. 

.<jllc oji J^. l— lU-J-2 Cl^J <aJU-a -1 

^gjl J ajS ^tjSaLJ -3 
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.%60-45 ^ 


F < cs^ -UaJlj »l j<-> ^>j^ 
(^ 3 55 0 C)^131° 
< windrows ViKII diUji ,^ J^Li 
°Q 131 °F 








.o/ o90 ^ uA- sL«JI UyiaA 


^-o ojLa. till jLc. (Jclij — AjujMi diU,4>x 
SjLa. till jlx. £x (, fljfla^ll Aijc. 






.o/ o9 o ^ J) iLoJI 


o Sjt_ij| jlc. J_clij -Ajtjj_j_u LllL-flfla^a 

.SjIa. CjI jlc. c a. \4>ill Aijc. 


^lAiluiVI Ait ,jj 


°F- u-lj °131 ^ ja; 10 
(°C 60-55) <-» 140 


Ls-a • J-« u-la aj Ji V CjUsa (jJc 


v — '(Vectors) ^1 — ^ 


68 °F ^jAj a^Ij jljUyx 

(20°C) 




J! JjA^ j\ VSS J j^-j St—aJI 




v — ^ '(Vectors) — ^ 


< Si Sjl jj. 4-ja.jA (j-lc S kii a all 

(70 °C) 158 F 




_ll JjA^ ji VSS cJlj^-j St-oaJI 

.VjjSlI ^a ji ip H 





U j J^' l>* 3MPN/4 g t>a J^tj (ffj (ji ^lu jA.nW A t-L-oll diUlkLa Jjsj 
AaLaia jlojj (j^J^fJ 'lMPN/4g i>a JaL AjjxaII diLoijjjall 4i_aUJI ^Ua.VI 
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A \\ v ^>ll jIjaII ^l,1 Vunl j^AJ .B > 3*^1 CllUlialttJ (jiij 4_lLaC JJC SjIc. lilli (jj^JJ 
dilAklaj ^IjjTtfl tir lc Jjl-ill jl (j-a U^JJ 'Ai!^ ^ A < ft^all 4jJ^JI 

t> ji tlOOO MPN/4 g V AjJjJI dlji jljill ^> <A Uu^Jl 

<aU]| <jL^| jIjJ t 3 MPN/4 g V < y ; ^ MLj j*LJ] A^ja 

<aJU-a jji <4ajI*a!I JJC. staaj 100 jjjla MPN/g J.ia>luAjj .Aj3Laa.VI 

• 5 log <ll jj (-jlkjj A (-Luall 

<jL-all jl jA\ U-LiaJ (JjS ^Ijjoia 4^JU-a£ oUaii ^nKj J jill f.Wmn 
( ^49 .(61-11 l&^I J^) IJjSLi jl Ljiat CjUaa J .^j^JI 

<la.jA ^ (J-s kj j aLaaJI ( ^q->"i (JfLidl ^ji ^ju*3_&aJI (J^l^all JjjtLa ^ial Ajlu^a 
(j-^J * J^J - ^ SillcJ 4jila. (_£jlja. Clujj ^ ffi "I Ajaa^l jj^aJI > aJ .o.laJ j 
j.ij»<a<a £-a (_£jlj3k (J-^-fij jl < -~yj (_!■?■ J° ^ ( ^T*"^ ojljajl -iJjJ 

(jOij ^xa9 J^a. jLk filcj ^ iVinij . jaJ jl ja. 

4iUJI aUaJI CjIjS LLkj ■*»-«■ tt tU<\ jjc. ojjjJj cjIj£1I si* (j^u .3iUJI 

J ja. AjLjII oLaaJI ja ^JLJa 4 pLaJ! ACjjlall 4-a.iliJI eLaaJI £-a 

^joiS 4-a3 £jjjjll Ja Jji-a AjjIxaJI dll jfUl 4jJ»j]I jaJ L>°J «*J^ 

liLjaaJ jl jj j£ja ,S_&a»J <Ujj^a_&A <— Ljajj kc jASuii ^ j&j . i iuII j .sl-iA^I 

^ AjiiJ^a ^jjj Ajllj^a jxi l^JajLoi -iio SLaaJI ( . j£ jail olajjlj ' ^-^J 

Jj^aJ dua. c^^IcS/l oUjL? ^taJ! ^ <*!aaJall AiiaJall Cj|j£JI Jijj .t fljaaull ^joiS 

^j-J 105°F jjJ U (^1! <=oLJI CjIjSII jjjj .Ujjji jU^j jiu^^l CjI jSB 

^ jl jjj .IgjJaaJU CjI j^ll (jL-adll ( ■ liaul Ajjiajll j^al > A\ al ^j-a] j ill (jl JJa>VI 

^ .%95 AjLoII jI jJI <>» Ulja^-a ^Lj 5mm j 2mm jxi CjI j£JI jUjI 
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La] ^Ljj j ti*J (jl (j£-aJj A (—iJ-aJI qa AjjJ^JI 4 \\v all jl ^a3I CllUlial<u dll j£]l 




.Jj_2j CiL-ijSS Ji jUu»_S UJ £Ujj Uuj 4iia»UI 4jjjaJI AoluaJ! jjSj .jUj J|j£» jjC i iiy n\\ (> 



(Keppel Seghers, Inc. :<> Aaa!>») 

S jl jaJl Jl jA ^iaA 

4jjI aAaC jA (ATAD) SjjaJI J SjljaJI Jlj Jl j$JI f-afrJI 

(J jt i lul l Sjl^a. ^jljS .A > '< i <~ii\\ ^JJi^- ^ ^ ' a Sjl^pJI 4->J-i Aollc- 

4hr S jSil Lie iaU^j (65°C J] 56 C) 149°F j 132° F Cm ^UJI 

jjOi Sjl jaJ AajJ ^jl 4aal£ ajl J^- ^ > ajfyl -LLSijll ^ jJ .sLaaJI ^jStM 20hr 
4-a&WI CIiI^xaII (jj^JJ •l^JJ 15 J] 10 (j-a ^jljJJ Jalil^l l>*3^ *>^J 4^^>aj 
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jaLij i£> t Jjjxa isJUa flej <> SJjail tja^j SJjaJl <jj|j <jjljA j»^a4 :62-ll <JS" 

diljjj jjjII dSSiiS £ut£ s jc jib <jl .ajjI ja!1SI c_a jjiJ] am\ jA\ a^jj^I 

(_J <\ djl i 4ilx£ 1 jJaa ^ t<U i aj ^cjUII (3** U"^SJ '%55 J %45 (j^J 

.%20-%25 oJj ^ jl jlj 4aL^ll jJ t> 
t> jj^I j! (70°C) 158°F (jll sLaJI 0="^ (Pasteurization) S ji-J ^ 

( jLaJI (jla. j t4jj| j^. Ci^Aaa ^l-laiuAj eLaaJI (jj-^ * in (j^-»J .30 mill oAaI lilli 
SjluiJ 4aLaC 63-11 cJ^all jg jjj ajl^a. £-a Jjaljilj ^JJ^JI AiUjalj jl 



942 



a-ijUl! A .ll jjcil\ jjj-N i in 4_iI-1j1I jaJJ .^IjAV ; -> ' ^i(S 1 ^ii'ii <aJl»-a£ jq*"^ 

■4-a.jJ j^aiajj Sjl jail (_^ajli -^ji"y lillijj .*LaaauaH 4jL^all .iIjaII ^^aJiuilj 
Jj» ujJ Sjl ja. <ajJ j-a ^Jj3 ^J-^ f^*^ V <LL^all j| jaII Sjl ja. 

j<a (Jc-lij ftlc-j £-<s (jjaljallj (j}L_iaaia <_£jl ja. (Jjlla j (Jaj-a ^^aJluiJ .^uJal^il 
. ajtojl] Jalija.VI j-ajj Sjl jail j^alj ' '< ^ J 




» jU.,„\ l j A ' L^all SjlILlI ll al l JjaII i LlAaJ dl l iILlLsj ftli£>U SjUJall «L»L-all 

Sjl ja Slaail ^Jj jjail 4iLjalj ^1 jAMll ^juafrll £-aai Ljai jfLaJ 

oljjj .Sjl jail <ajJj j-ajlL 4jal*lall (^jWill) SjLuull diUUalo JfcjSaj 4aaLial 
j^s ^ijJ La t Sjl jail IjJib !ic.L£S SLaail 4£a£ ^ ^gljlall ft Loll £-a JJall Jc-lij 
J.A»-a qa ^jilalLj Si alail (Jc-Uj j-a (jjmrtll ( \lf^^ u'"'^J .SLaail sj'^P - ^-J^ 
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^jlj^JI (jii-all j-a 4jjJ^il 4aL^aJI jl jA\ Jij .ajl jail jjiliJI JclilJI 

Sjioull elc-J (_jJj Ujjjla. (_Ji.Jj ^>J £_JJJaJI J£?JI £-a '"'J**- L^J^^- 

30 mill 'a-lal 70°C ajlj^JI CjUkla lalaJ jaJj (fJ**^) 

» 1 a f\ > ill (jLajJal AjjL^)^ (jj^ ' H '^J^^^ *• ^ ' '^jjj^ 

. ajlbull ajlja. 4->J-i 

*Ufl 17-11 

slaaJI (>> «.U1I 4JI jl ^ tslaaJI (Dewatering) cla £jj <lLaC (_DU. 

t ( ■ u 1 n jail JiLa AafLulfLi-a dil-ic-Lai* t . UjolS csJj^.ja]| AaL^all jl jjSjJ t .) 
.aLa^JI j-a *ajj^a]l ^Lall <Ua£j ^jjj-*»JI Jjx-a a-^jj^ cJaiuJall jl ^IjgJI $.!>LLIj 
ijjir, nn j 4_uLi<uflil 4^JLua]| (jj 1 n^"l JJC- Jaa3 jtajj (J- 1 ^ 33 ^ cj*^ J^l (j-^J 

4 i<t'<Ki/>ti djlox-all 

^ -y ,T,j ^ tjUa^/lj 4 jq i ^jJuj^sj ^»ljajl ^jlij^ ^ l-ir-bja (j« (j£ Jfi*J 

jl V) c<— Sjj^all aloa t"il ^La (jLaj^JjoiJ I "gj^ (jl j-a ^»C.jilj .JaijJa 

4^al laHuil j 4ajJ*x«a ^1 ^"slj a j3 jj I jlaj I jLijjl jj£I ^»l j^JI ^jlija 

• <-).)*■ (Jslj tl JXjui (j-ai.jl 4j (^jj caLa^JI ju£j ^ dlljjLaj] _oj]l 
^ jj] AajjiLail aj^axoJ 432-7 "-j y^ajA\ jUaVI J AjauL^all ^Jjjx ^ laJLaLl 

J jo=JI j liLjJJaJI JJJJ^ a^'h'i sj^ CjVI liliA j .4jjUajiJI CjLaaJI eta 

LpL^ual Igiikl tlilijl j£aj £ Cy*j i4AkU HJjL* AiU. CjI£*£ J^V J 

^gjj I (; la ui jl (J^ajVI (jk l^jia jl tl^Sja. iJjS <_ajj-£all ala<a aLaa. ^j-a #.L<J ^ jjj 



944 




(\) 




.laiua-JUj SaJtfoJU *UJI £#j auaa ^1 ja. £a p\ jajl g»A icUfll » jj^sj u ljinn Lki-» :64-ll Jlii 

(Ash brook Corporation 4Sa!>») JaW SJaj- cjUljlxuL 
64-11 J -Q^j^ (jJJ sLaJI 4iiia £J^" *^ jUaJ&V CjUI jkJtfl 
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(jUaj 4jI^J ^JC ^ jl»JI f\ jaJI ^gJj (jjijLaJLa J.JXAJ -Ulajll oLaaJI ' ^ ■ '■*>" 4<LL-aJI 
(jUaiJI liA ^ j=ac-Jj •< J J-&M j»l lP^aI 4jLLa]| - ^UiuJI i_ajj-oll 

jjc ^coijllj <IajJ jj aLa^JI jc. Jj^aS ^ill cLall ^Lajaill jjLa JfLlA (J Jc 

jA ^Lall 4_1a£ t i—ljlL La <UI jlj (Jj-^aa ^*Jj >£a?. C^lc- J ^^aLoiaJI ^»l jaJI 

joj Lukjji U* > >Vi j ^giLoJI |»! jaJI ^Ic "aLa^JI JaLoU cAJUuII JjUaj ^ oLa^J 
.4^jt£U (JfLLoll ^'nq^yi (jUaiJI ^gi (j >if \\\ \ > >v* } jA jLjjiL La-iic. jxal j^JI 

jA 4, 1 1 i ll 1 1 1 (jjS jl j <Umrt j LlaLoiA jLal ja. jaIj 
jA Aluilui (j-ic- lillj JlaJ jLaljaJI JAJ . jxal jajl jOJ aLa^JI -Aqjl-i ^J^- 
JJC eLaaJI 4juL ^jLi. c-Lall jL^aJcL Jlc . 'n dlAJ C.LJI ^ jjl dsLI jluaiVl 
4jSl1a jl ^JaJjuoJ <aJaju*A Laj #.Lall 1 -<1 'it jU, J jjf^j (jl j^AJ '(j^JP*^ 

t4-alaijaiLi A g \y jj Sl.il j 4^»l jajl JJjJ ol-ilj .(J^loll <LajlLa jIja jA 4jtjj^a-aj 
LS lc jA 4£*£3I 1— Sjao .^»l jajl (jV jjl (^lii] Jaliuu lgJ£ 4lljtA £3J CllU jLuJ j 
AjmlmVI dlljiall jjLuj j . jialjajl ^Ic i'iiu Jaj^l£ ' «t ^ ^Ij^JI 

LilajJaaJj Lujjj 65-11 cJfLlJI jjJaJ .4 ■> u Clllgjai] Lcjj |»l jaJI ^jjja Jac-ljjJaJ 
i_J£J e^&L dll^juail (_J-al^ (Jj^aala j»Uaij ^^-ajjj jajl ^alja Jac.Lja ^»Uajl 
l^jS jjSjjuj isjJjSJI ^1 jaII jl j-a ^»C. jlL ce^a*lall JaC-ljjJall CllLu^jJ JaC-Lia 
J^C j<a c-LaJI ACjjLa a I ^lji.jj <_Jij aJjjoi j j 4jjaj1jJLj A^jlil-a Aj^«J 

.jujLaJLa J^JtAJ oLAaJL jl i ■ .CLlV^/l 

LS - ^ J^J 'L^JJJ^ SLaaJlj 4j^»j]| 4jau^a-al 4c JjoJI J^aia j ir , i ! 'i o jSjJ (jj 

• %50 %25 <Jjuajj jjO^JI t njft ■■n'l II 4j jas. Ja ^1 ^jJall AiUa jj£j j! 

La ^ <^aU-)j c jUaVI J ^Ajj^l Jail yJa Ljj^jall ^ s^&LawJI ab^l AjUuj 
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4j Jalij 



PS 




(j-a %95 Ajjou (^gic- 4iL?Jl lIiIjoaoIjJI (_£jiaj . <-lil jo<ul jjll (j-a 4 alia a ^1 ^jL 
jOAiljjll <_1^-^?- IrnVll (jiuj (j^a^aj i—aLjj (jl ^tTuj t4 laJjuLjll <uL^all jIjaII 
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jfLaJj 4jCjjo»j ijKaL t#.Lallj jj-ajljjJI ^ j-aJ Lajjc j . (J-aLa. <-lljjj ^ J"* 0 %50 

SJJ^j j-a 6 juillrt (_£J*J jl 

tc-LalL till jiaJ jjl ( . llaJLobaj AiLaJI CjI JJ-ajl jjII > iiaj j .^gji-jj-aj ^ jiajjjj jW^j 
(jjoauJI jau ( 'aqVij tAjJLa^M 4 iL^all j|j-aJI j* %1.0 J %0.5 j£ j^J^ (J^HJ 
tlljj^jjjjjl i, living j 4iUJ tlljJAiljjJI ^Ij-i jLaJ .%0.5 ^Jj %0.2 j^Jil 

.Acjjla Aalija. jl jjU 

(j i\l Lj i ia*JJ Lull's -iaJJJ Jf-aJjJ (111 jLo£ j-a (Mannich) tduLa jJ-ajljJ J*Jj 
Ljjlaj jJ-aJjjJI (_g jf\<\°i ^ji isl ji^a I j2aj J . (_3 _aial JjIja. JSJojl 

(J^l (j-a AjiLiao La <J^J t4 1-1J1V1 Ajli^a 4jjj-<u] jj j| ya ja %8 %2 LS ^- 

.%0.5 %0.2 (^Sj * baa^l Jaaa jA 5jii3ll 

oLuJI j^fl AjL^all jI j-all (jjS Ijiaj (JJJ*jJI j ' ajaaall t-ij-UI elo-a aJAlL jj 
(j-a AolLtll jj£l jill AjaiLao. till ja-aJjJI jV j till jj-aoljJI -Ljjj Ijjj t_a jjuj AjaJLt-aJI 
jjSj jl j'n . J^OU! t ajjaJil] ^JUt-all ^jlaJI (j^S-JoIl ^jaIIuij (jl j£-aJ . jjiSill 
tlllc jui (_£J (JiaLaJ aJj joj AjjLvjJ 4ji.l jl till j till JJ-aJ jj]l JjLj3 (llLvjJa-a 
(JitiLaU 44jkjJa-all j-a j^aLill * j?JI (_ S ^ E ' t_l£j-all bjjLcaII jj-aC- ^ <\ 1 in .ajjia-a 
alo-a Lai JjaaJ j£-aJ tA-aja.^1 t ajjajjlj . Jj jajlL ^LjSllj 4al*ill dVj«-a]l JJ-^JJ 
Ijjjoij A Lllaj LsL-a j-aVI < . t ^ a ^j .Ajulaj 4_Lxa-aII j^s ^^.jlji. (J^JJ aLl-a jl t_!jjl 
<LL9 <aC.U tllU^S tlllj olL^a-a 1 . \f, jj LS ijjj .tlU-Uall JJjl JJ jIjjouI (j-» J^/U 
. JjjL«*]| aLuu jIj>»VI Jak ( S)Wn\\ 

^ Jp 4qlnM ^j-a*l j oLaaJI c^La ^ jj till J*»a (JSll (Jj 1 nr. olo-a j-aVI ' - '^"'J 
jl <jjL)j^£]I -<^'ti jl3 <J Jtjjj La£ .AjJjlall tliULu^^l (j^lj&V tdlij toLall 

. jjjSjjLa jj jl lis jj j Ic^^la] j3 jj 
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t jjaJjjIIj aLa^U AafLuLajj jVI Aj^ialLj ^fLaull j t^Jjir.unll j ^^laVI (jJ-a^l (Jjiololl 

Aj^ijl! J^yi ^VU J u*j .tplcyij JwJij JSj c >j 

^1 jaJI j-4 Jac-Lia JJluu 

4j£Jjjil^JI Ajj^iJI ^-ui^y* JaC-L-ia] 4 - boiLui Vl (Jj xjju II LllljjULLa (jl 

j^fl jla <j£] <J*£-a J^ 1 ) f'jP-^ O^J^ t>° oLa^Jb -Lpsull (j* Miaollj 

fjj ^1 sLaJI ^3 oJj^jaII ^J-a^l 4flUJI aA^\ <> (jia AflU^a'J 

AjLtfJI j| J*L AjLall i ja5! jbjLall L-jLulS. all .JjjajJI aUa te^igld j 

AjL^all i jaII ^^Ic. <a jjaiLa ( JjjaiaJI al-La <iL^a 4aAj£jll) L_Sjj»a]| bLa 

AjjuuLj 4£*£ll (jlia. jfr jl*J .IgJ Aj^JuII l£J^J ^1 SloaJI aJ^a. jaSI aJIa^VI 
jjj ^jujjo. 4jjl£a *1 j .4£*£3I aJja. jA\ 4iUJI <jL^JI j| jaII Ajjjjll Ajjlall 
(JjjaiiJI aU-a L_SJ jj^aJj t JjjaatJI aU-a ciS!^ frluil (jc. ^)J*J t aLaail ^J^ll j jii^JI 
^ jla JSl AaxJL* jlj-ai) ^1 Jpil (J^J^ Cy J^ 6 AAjSjll (^fl <— llj jlixSI a^a. jj 

aLaaJI j Aiaa-all aLaaJI (j-a (_J£ (j-a *.La]l (jl ^Ij^JI jijJal (j^-aJ .^AcLoJI 

-a jl ^Lk aLa^ (jj^J (j' tj^J LS^^J Aiii-all 
^la-aAll jl (_g jja II ' ajj£j]| j t AjL all jl _ja]I 4juiLj tAjL all jl _4a1I JJ^JJ 
AiLL ^^ic. Vi» jj-aJSJ 4%4 (j-a (JSI A s\y<-\\\ jlj-all JySjJ (jj^J LaJlifrj . (JJjoiaII 

Ly° t>* 60 gpnij 50 gpm jjj ^jl jjj t5jj-=>3 <AJjjjja 
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t> j4 j£\ Jill cA£ a li .(13.7 m 3 /m . hr J\ 11.4 m 3 /m . hr) f ljaJI 

JS (J 4_iLall i jaJI <*-lfL Jj^j .4jLall Jll <1 j^i .kkjJalt 4JLL vwT.i 4%6 
Ajilllt <iL*all jIjaJI j* pLall £ jj jl .«.Lall ^ jj 4a. JJ j £j>\ j±aA jA\ jjSj j* 
4-ac.Ull 4jjJaJl A i all jl_^all j* <fc jj j* j/'^.' *Sjlj^l ot-aaJI ^-3 -^>JJ 

J-l*-o j ol aa 11 ajl . -^^ Axaau ("*llr*.^)aj lillij t^LaJI j^p^ij ^c-oj^j dll t^Vi 

5J j^aa. I jjj .ojj j^Jj j»l j^-11 AcjjoU L-iajl iaLaaJI JJ^JJ -LijjJ -^-J Aj-l*Illl 

t.n>»ij La 4L_al£ «.La JJjai j>jSJ V (Jlj&JI cjjj-all (jlkj jU ll^a, 4Jlc oLaaJI 
La£ .Ifcilja. ^jlc j 4-aja.^l jJJj j»l jail J^ - ^-afrUll 4jL-all i jA\ ^ILljl 

A^iaj t^jaa^all (^laiill Jjij&ll ^ j .AjLall jl jA\ ^lijuL Lai ^»l jaJI jj jj t.n»»nj 
jiialSlI jLjlfrVU ia.Vl £-a « JjioSdll dllji . ajiil ^^Ic- AjLall j| jaII 4jaj jajII 4j j^aJl 
dj^fjalLa JaJjJa j cJj^*J jLajj jAi • (J. M U J& 1I Cljlc-Loilj jJ-ajljfll iA^)l^1ui^ jjn ' jH 
Acjuij t jjLaJjil! AcjaJ 4_il jl CllLlsuJaj sliiil JJC taLaaJ 'oJJa-a <Uj«aa. (_J.ll AjLulSI 
L_sliaJI <_)j_a jjU Cll!i\-ill djLuuJajll a JA lajjJa ajlcj j*j iojjjjj 4^1 jaJI 

. jj-ajljj Ac-ja. ^^-J lillj j <jL«aH jIjaII jljjlJ j o\ as\\ <_J jILaII 

j»l jaJI iaC-Lia ^1x^1 -JJ-^J 

C_S jjiallj 4<aJl*_all 4_]aa_« J^-P^^^-i oIa-vSI «.La t3^J^ f J ^ ' ^ 

' f ■■' a ' (J-^-a ( _ 5 lcj (oLaaJI ^cjlj Ajfr jj ^^Sc- AaIjiJ (_5^^J tfrLall ^*3j^-all 

0.5 IB jjjU ^ jljJJ U^ 3 ^)*^ *— uSj^all JaC-ljj-ia ^'lidl . Jjixuiill (j-aj ^^Sc j 

jjj^j jSjjj fl Laj .2.5 m j 1.0 m jjjl&j^ JiSVl c>3j*JI ^Sj '3.0 m j 

((Jaxj jl LaA^V tj^y ' - Ija j JaVI ^jlc. jjVir-Lia t ■ n^jj t ■ La^j 4ili tal oail L-lmlla 
Clllj jfLall jjjir'll jl jJJaUj 3 jLb all 4^a^iJI ^ jLi. ^ "'J.' 

tojjju^all )-i^> <^11 ^ ijjxjaoll (j-aj tjj^) jl (j^aJ . (Jj^'lll Cllljl jiiuilS 4 J^j'lKj^ll 
23 J 15 jJJ J**J JafrLiall j£-aJ ajjAll Cil La all ^ 1 till jjll ^ CjIcLj 7 
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'Li.j^a <-_ajj^a elj-a oLaa. ^jI^hW i >t\ <_s^^ (Jjt j-suj 

j| AjixSlI j^Jj L>* ^ f ' ^ 4jL^all jl J-aM <—lV J-a^J .12-11 Jj-la«JI 

aAj^> J j-a 4j j-a^. ^Jaatlui c50 gpHl J^*-aJ %5 4_ji*J jli 44-a j.;-!^ aA jl aLaa. 

tL^ajl (j^alijla! a<jx£1\ AuLall ^ail Ajjlall 4ju^' uj ^ -1250 lb/m/hr 

12- J J^?JI ^ a-ijl <— ibLrJI 1 Vl i nl .-UaJiLa ^jjj^a oLaa. (J Jo 4jjUJI 

^ JaC-Lja (_1=J ^ j .^iAj^aj]| AjjUxal! djUaC-Ljall 4iUa JJ^Sil Jaija c 1 1 

aLaa. (j-a *baSI LS t "iU"Vi , n Jjiujjll &^>J=> J^JC-VLj iivjj t^^-a ^li 

t " \\ Jj£ jail ^ J-^H JacLiall 4jUa plajjl ^ir La_oAfcj .A^jLLa (j*ajL-aa. dsli 

«Ua jj j ^gic-lj a-i_a> <LaJU-a Ajaa^al jajl ^Ju^a JaC-Lja JJ-iSJ <j£-aJ 

.jjSI CjW !^loA-a 4£j^ia ajjiaLa ^ Jja. j-a ^qj'q^ <JjAjLu 1 m 0.5 
^J'J^"] J^-^-^ o_^tliuba aj_aJaLa laHuil (jS-aJ jVI ^J-aj^aill ell _oa*j j 

C^nll , SUJ 6 Ua 



jiaJ^jJLi SjJld lJj^s ftlxa uLo^J j»l jaJI ^>uij^ JaC>Lua3 <LJxuII JJLuoII di^Ltbu :12-11 



c (lb/ton) 


(%) ^»£SI 


b (lb/m/hr) 


a (gpm/m) 


(%) AjiijJI 




8 3 


30 JJ 20 


JJ 1000 
1600 


60 JJ 40 


6 JJ 4 




14 8 


26 JJ 15 


1000 JJ 500 


60 JJ 40 


5 JJ 2 
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14 J\ 8 


18 12 


500 J\ 200 


45 J\ 30 


3 Jl 1 




10 Ji 4 


26 18 


1200 800 


50 J\ 40 


6 J! 3 




8 J\ 6 


20 14 


1000 J, 800 


50 J\ 40 


5 3 




14 8 


22 J\ 12 


600 200 


50 J\ 30 


3 J! 1 





a 1.0 gpm/m= 0.225 m 3 /m . h 
b 1.0 lb/m/hr = 0.454 kg/m . h 
c 1.0 lb/ton = 0.500 kg/tonne 



^uJa jj JacLjall Aj^J ->*Jj 

t .Sj^aJaLa dll^j ^l^iaiU lillj j 4j1&VI d)l Jcj Ajaialjiall {^yajjx}] 

iaC-Lja ;4_ijlfLaj 4jaj£ (jjJJ Q^ajxi lilli j -ijo! ."Till jlaLi-a j^s ^ Vq-s \l jlila.VI 
jlilkL ^Ijill . jLaJ^I 4jL^al _oaj ^cjljjll JjjiaJ t^^illaJI ^jjL^a-all 

21-11 JUU 

isLa^. (j^i ^Lall '1-5 HI 6J^3 (JtatS (j^a^)*j ^-"J- 0 -laC-Lja ^j£J 

( ilua Ac j*. Lai .70gpm e aLa^JL 4ji*J J-l*-aJ Lul jAV 4-a a 

bLajcl j .50gpm J^*^ *^a ^hviml ^Lu jo^. ^ cLjj %0.20 4_bauj 6.0gpm 

^ Ajiiall sLaa. ^ AalLa^VI 4jLo1I i jaII AjuoU jl ^ j 44jjxLa1I JJUull ^Jc 

«-i >^JI ol>a ^LaJI <aL^ll jIj^Ij t%35 ^jLall jIjJIj t %4.0 

AjOxoII J.}** L-Loia.1 .1800 mg/1 (J^c. alwj cjJAiljJL; cA^Lij) 
jljJI jbjLoil j (jJAjijJI <Cjs.j c4jLoll jIjaII 4j jas. J-^uaj t4a%ljjO^JI 
.12-11 (Jj-iaJ (J 4^jiaJI tSllL fJflll oJlA jjlS .Ajkoll 
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70 gpm/1.5 m = 47 gpm/m 

(60-40 gpm/m a 2- 11 Jj^) 

47 gpm/m . 60 min/hr 0.040 . 8.34 = 940 lb/m/hr 

1000 lb/m/hr j£ ii^j 12-11 Jj^=J! i> *jL-al! jI jA\ CjV ^ JU^ jj 

1600 lb/m/hr j 

t.Ogpm ,S0min hr, QQQ2Q, 8,34 

511 — =8.5 lb/ton 

15 in -940 lb in hi >Z QQQ lb ton) 

.12-11 Jj^JU iS ^*^ 8-31b/ton t> j&\ aiA j^uljJI jj 
V c^*£]| ^LLJI j> ^1 jll <^J <^ t> cUaVl j^jl jJI *t&l 

4j^xj1I (j^s a\I ^a^aJI ^J^ 3 t>° JJ^SJ (jS-aj 

jj^j i i juSl\ ^ILa ^ 4jc jjll -vU (JxLc- £jJa jj 41-1 1 <LtaU-oll ^l-lajjuAj 

7Qgpm , 0,040, 8.34 

V= = 7.6 gpm = 8 gpm 

0 35 . 8. 34 .1.05 5F 5F 

70 - 8 = 62 gpm 
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62 + 6 + 50 = 118 gpm 



118 gpm ,60min hr. 0,0018 . 8.34 

- = 7 1 lb/m/hr 

lJSm 

-4: .. ::. hr - 71 ib/m/hr 



f 4 J lb m hr 



= 0.92 = 92% 



CjLa^JI j yUJI djUaJI (j< ft Ull ^jil (Centrifyges) CjIojUII ^iVu,n 

4 0JJj£ll ^IjaSI ^ AjjL-ojSI J&\ l$-&lj c^ljaj £toijA CjILcLJoj 4jjlLa AiK 

sjaall ^ iluoa Jal jjjuiS/I ^ 5 S-Xa j^lc ^ jJ 24 t^J^ 

^i^aJ .^OVi^l! lljliiljll ^1 jj| 44-7 <_£^ ^ CajJajL j tlull 4aialLa 31-7 
aJojuj jja djVl (^11 50gpm ci^" V sjji^ Cj^M t> COJJJ^ ^.L=^.L (— llijlill 
o jjj£ diVI Vjj^sj 4300gpmj 150gpm (jjj £jl jjj ^J&Z 
'%6 jj-J AjL^a .jI ja JjjSjoj L£j1 jjjjA aiiLa djIiiUl! j .500gpm -J CiZL* 
.4j11c. jj£l jj AaL^all ^1 jaIL L-iajl aAlLa j 

%15 tjjj ^jIjjj AjL^II jI jaIU j\£jj di! j tdilijUll j-aill Jjt.uoII ^jjj 

jI_ja!I lilLobol jj^J t^LlAjS i 8Jj£j (jjj Ja j .sLaaJI AjtJfla] IxJJ lilljj t%30j 
jljjLul <jA JJjj jl Aj^lia 4lfuiA 4jjLa£ 4 7> SU n\ j^AJj 4%80 %50 JL?-o 

JJjjlSj idll JJajIjjII j2 .%95j %80 jJJ £ jl JJJ AjjoUJ AjL^all jI jaII 
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.AsUallj AjjLaAII il jaII j iAXa*3l AiK l&jjiJ j - 1 aJJ jJill j 

tJAjJa Jj»<i jia. ^iSlaS <_l3 j3 (j<a (Screw PreSS) cs-^J^ JaC-L^all jjfaJJ 

<Ja..lA <ja Ia jjj-a ^ oLaaJI oLia ^ jj j * ».iljj <j^Wj '*^*-33 

(jlLawi .ijAC. J.iaJLuAj A^LaJI (J-alljj <Jj^a jjll ^jj .A^ja-a JaC-Liall 

UjJaS JL <_ljiu j^Ic JLjill (5 jJaj .(66-11 J£aa!I j3aj>) aj3a3 .itajj ^.fijlall 
AjlajS ^Lu (^L^aj (J^JJC- (jjaJj t Saa > >y\\ ft-Ajj £-aj .^clj <J%^ dlxaJ 7 in.(jc- 
jlj-all i—sjii Aj-ij, 1 ^ a olajj sLoaJI j.if£j alaj ^Uua. jjaj3jj3Ij .^ac.JjU 1 in. 

• %95 j %88 jjj aA^\ j| jaII tdLobaj S^liS ^ jIjjj . JUjiJI cjUaa jjc AuL^I 

4 AjL^»1I j| ja13 f£ljJ jV Jj.ni.31 oIia ^^klau t^UiVI Alia. Ajlgj Aic j 

JaI£ (jj .A^jjS A^jlj jj Jj^a JLua.1 (_^alijjj cAlj^iJI J.iaj 'o^li^ (jjjotaulj 
tlj^ai AjoIj31 c-l JJ3.1 J cjbjijl tjA^a sLaaJI j p.La3l jljj p.1 jia.7 aUxa ft.iA.j2t 
^juuJ Aja. jj (j<\i ^-1 JLjill ^^Ic- AaL^a]l .il ja3I I jj^aitA JaC-Lja ja^ Jaxj (^J 
.iIiIaAAI l$jl3aJJ ^1 AiUall Ja jjjfLi JSf AiUa ft.ia.j3! t_iUa2jj .*ftiiU3! liSiij 

j!ja1! (j-a c.Ia3! (jj ' "^"'3 cA^j j^-^' AiLjaj (j^Aj 

jlaall (jia- ^JJ .A 1 '< > ^3! (_^a AjjaaJI A Ai ^\! ^! ja3I Aac-jj J jjl^3j3! j A Ai ^1! 
(JJIuaaJ! Jja*3I t jaauou3 J j* uo3 ! J jaC. jaa qaj^o 50 Psi 30 Psi lai » aj 

(j 1 aaJj .AjjjaJ! A_Jj^a3l ^1 ja3I 'ojl jaj! (Jiilj t^^kASIj <_Ja.^A3l (jjj jLuiaSIj 

.l^LajJa ojl^)aJI iAjJ .iC-LujJj "t>\ <\-\ \\ (jA #.Ia1I ■ (j^ J^?^^ AiLjaj 

• %40 (^31 %30 Aal^ j| ja a^jWI a£*£3I ^ j=o 
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JiJ—j .4ia*i La Ljji-a SUa. f UJ! £ jil jll! LcLoJ! JJLij j$Jaj ^Sa jC jJaU LkLa :66-ll JS^i 

£ a AjLa j! j^i JjS ni'il j SUaJI i n"1 jliJ! 4iL2aj (JIaj . j^iI jll <yu>iUl f Ic^l ^ Jtjjil! <>« 



(FKC Co., Ltd. / Fukoku Kogyo Co., Ltd. <> iail >.) .A LiuaJI 
AjjjaJI 4ui*afl Jt^l £ 18-11 

i^jW «j* ^1 ^Vimbj .503 s-JaJI 40 CFR lS^V 1 Lr"^ 1 uj^L? ^^-J 

£-a «<3jjLJI CjLuj jla-aj JjI^j JjflJ ^1 5JloiS/l 67-11 J^ill j^>j 

jj^i <Luilui j cB ' '< ' all (j-a t"b nj\ 4jjj^JI 4_iL^all jlj-all ^^jJajl ^-ijj t''^Luluj| 

Ma j£\ 

<tia ^^akill ji^j J^U. jUj 5jL^i1I i (Incineration) Jj^j 

%35 (^j AjL^JI J _4a3I t-USkJ l^ia ^LaJI ^ jj Ijj j .<! jgjaiJ <a.j]a j 

jA La » 1 n'i i nU Jj3j]l (ja 4iL_iaJ ^1 (jjJ) lijli A-lij£-a ojlc 4_iLa*JI (jjSj iLijjaj 
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£ya ^»LaJI iaLaaJI (_3^}a. ^JJ Iaja&j .(_£jljaJI laj > j (jjiuaul] (_£jj^jJa 

4_a.L>j jal ^a5I Aiala (jjill Cjjj! JaJ jaJ l^laJS '.'.""J J'^g ^ flUaJI 

jSIja sic- (_S_aaJ CSJ^ J tJ^jA O- 0 UJ*^ l - a ^-¥- •^•ij-ajJj oLaaJI I '^"V ^ 

^jj .AijSxA Acjjl £-a (_£j£jA ^jaUi ^ja 1 g bj <_Jjk^aJ j_pa«JI Uj-iJaaJ Jjj3 4-JJ^>-a 
^ja j . j£ JaJI jjlj ^ jJ jLoia «.iajj j jaII <aS ^ aLaaJI 4<ji£j 

dJUill jaII j L_al jLVI Uia. (^IjJI <_£ jIuiaII ^1 -LLjjJ jSjaII 

(_g ji-s j"n (jLj_jixll (jUjIuiaII ^-ojolJ . J£ja]I (_£jaJ oja £3.Sj ' " Ua 

^Jc. Jjjj ajl^ja. 1 alLa AjL^all j| jaII iajai j^l <_£ jIuaaII (jj^a-i \ a'ni t^jlajJI 

^ jsUiJI jaaSI ^ jL .4^.jL Jjs jLojJI jLLill j'jjj jja. tl400F 

<il_^JI ^a e^ 1 ?" J^J^ f"^ ■"^ a ' * a *° A lajqit^J ^jla..l3l dliij flj)"> ,a\l ^^S,^-aJI 

(ja.Loi]l jLajJlj jaSI 1 JJ ( _ s iijail! ja_jAll < __ g JJ _^aa]I (jxs t_llAjl uoll (j^aa 

SjljaJ <jl^aa Aajgj «.l j^JI t«llj Jju ijjj .(jjall <jr^ lA "JJJ* *^ c5' J^^J 
elajiVI <_>a olaail AuLall Jll jaII j f.1 j$JI L-jUoul jl .AaJUI aLaJt (, fcjiaJ ,J iillfrLaU 
tllljlc. £-a pLalt jlaJj -iLajll Jaj ^JJ .*bVl oeliS <ja IjJjS j'>»^j jLja-all 
(j-a jLa^)]l Ajlj^ ^J^i^ jLubttj L_lia^)ll jliJI JjoiC. jlg-^ ^^iiaUj tj!jla.VI 
jUJI JjujC. jl^-?. (j-o ^Jllall f.La]l (j-a jLa^)]l (_Jj^a3 ^aJJ Ij^l j a SaHuiAll till jlaJI 

.^Jjj (Jx<aa j^-? 1 AJauil _4J 

Ajjj^JI 4jL^all _jaJI ^Jaa ^ ^ij • O^J^^ LS^ I^JIajujuiV ^x^d l!^'"J 

oLiaI 4jjj^JI ^* j ■ all A jojj ^^al aJ jl 4(_^<ajVi (J jijJ Laj ^LJI j 

t40 CFP ^UjVI ^LuiVl ^LkilL lj^JI sUa sUa. JLa^I ^ au^Ua 



957 



AjjjaJl A \\ i ^1 aLaaJI j £$J ^.uiUhVI ^UaiJI ^^Jaijj .503 f- 

^Sl jaj diLUJI j s^IjaIIj t Jj.^U,rt\l tir jJaljl£ (Ajcljjll 

^^Jaxjj .(<Jjla jjjlii.j '^JJ-aj '(jj^-^-) ^_$-a*J! £-<s (JjLojJI ^jalj^ij t^^l > aluiVI 

^IjaauiU LgJ iajl jjJa CrtjJa j ^1 ajjiaJI Cjlj*jLa]l 13-11 Jj-^ 
CiljjLail AjIIc jj^tjJ ^hVunI £-La] tj jj^all Jj^aJI ("n/n fJ Ja5 .^JaljV 
.I^jJu 12 ojj3 ,j <La.lijjaba]l Cll_aLa]l 4jjiuJI 4jj.fl^»\l dl^^a 

^Jl _4a1I ^ ^-s )-i mill (jL^aJI (jjSj (jl ^ir /u La£ .^clillj oUai-a jl oJLaaJLa (_>aljl 

< _ S JJ AiLjal .^^kl aLl« jl Ajia^)ll ^^jJal jVI (J ja^i aLaaJI £ia] tiiljj A.J 

iAjfrl j j]l ^gjJal jVl ^ -I laJlmVI ClsV-l*-a j > ^-»'Vq*i jl ^j/n tAjjlj^il J jjaJI 



JjM <J AajA» V 23 J '-•J^ alaa. JULLu.V (Aj£ jx&I) AjJlaJVl J jjSJI : 13-11 JjJa, 

503 f JaJ <40 CFP 



Aj (J^3t»a Jj-la. 

(kg/hectare/yr) AjjlJI 


jjSI Jill jj^sill J jOaJI 

mg/kg 




2.0 


75 




1.9 


85 




150 


3000 




75 


4300 




15 


840 




0.85 


57 






75 





958 



21 


420 




5.0 


100 




140 


7500 





A 



B 



j> J&! Jj\SB *>ll 

(j^ajVi JAJJ Jji .-il-s oil 



j> j&i jj\sfl *>ii J* 

(_^iajVI d»AJ _JAJJ (Jjj^l ~s n\\ 



J_ji j> SAajxa 'AjjjaJI 4jLo1\ Jl jaU t^^l ^ ^ * =67-11 Jlui 

503 f >ll .40 CFP 
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A i t> ^J±& J] ^JJ^J^ ^ Ai all jl j-all i'unfl j .AjjjII j <Lalxll 4jau^all AjIas. 

(jjj (j-a ^jaxII 4-a.jiLaJI ( _ s jJaljVl Jjialla (_gi A aLa^JI t '<> a alAaJLail (j£-aJ 

JSLi — all 1 g_i jOiu <iaaj ^J) B SLaaJI t_L-a ^JlaJ . tllLja jaaLs 4ll*2a J jj ^1 

^ — ijjj (till tia^AAll -ij^. J (JLai^.1 1 ■ 1.1 "Hj J cdlj-iajl aIaI^a jjC. A \~\ > 

A — jjj^JI 4aL^a — II j| _oa11 j£-aJ V j .^gjljJ^JI j (jiiLojll A^J jl J jjal] 

.cjLjjU. JfLi. ti J& J (JjjLjSI J ^Ijj jl B 

j» _oa»JI £-a (jjiLaall j dllil JJ^JI ^}JJJ J jU^xaJL (jjlauJ 4jj\iLa J ja3 dbJajS ^aJ 
,^!i3l 4jjl^*JI (Jji ^ l ■ ll)gjj .B ' 3"^ ^JJ^ 1 ^ .^"^ ^ <j-^ Aj^-aVl 
4 )\ i <^ll jl _ia11 ^I^ajjoiI ji.li .lia Ij^-^ 14 (J-ajVI tj_j3 J j» ill £ __>?"^ WrJ 3 
l ■ lliaJJ .jiajVI dl^J a^jj^xauJI «.lja.VI ClulS jj l^-»J 38j 'B < Sj^a 4jjjaJI 
Ujl ja.1 V ^jII Aj%UI J^ala^all j 4aAl*JI Jx^sU-aJI j Ajjliijl Jx^aLa-all 

Jj3 LajJ 30 ejjSiall i ja!3 ^ jii jjfL) j! iAjjjll ^Jajoi JS5ll <Llill 
ijjjLajJI Lai .^l-liluiVI LajJ 30 o^-a <-Hj\_j\ JJ^JI l _ s c - Jr* V <jl ' ; la^j . jL-ataJI 

i_jC.^)La j (^jl^aJlS I JJJ^ ^aj-a*JI ^-a (jjLaall JLal^.1 (jj <LaiJ Jj3 ^»jaxJI ^-a 

(JLa ^JIaII (j^ajJiall (_3ialla (J jj^ajllj ^LajuJI J > adSj 1 o'ni .s^)£ll 

.Jaaa LajJ 30 ^ t^LaUJ CjL£Ulj JjxJI 

<ail jJI ajjiu^ll CjI kai J ^ linki JiSI 4-a j,^^ all eLaJl JjLJI ^ jJall jj 
Ljas. eLaaJI jl jSLoiV cAjjI jAV j AjjI jA diLajJal^j j jA\ j AaLjll (^Lli-aJI ^ 
t-il^all frjaJI Jj^sS JjI^j jl VI i'aAc. Jaill 4iJS Caj\£ j] j .Ujj^j JjS 

jiiSI Ullc. jjSj oLiaII ^nKj,n ^ jjj jl t Lji^j djliJa ^ic (JjLoJI jc 

lAjj^al ClllaxAJ O 7. a <j£^>-a jalAaJLaib ^JojoJI ^^Jc aJjUJI oLaaJI JLa*ioil <jS-aJ 
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jjijj J3j .(168-11) ^ ■ "j dll^)a-a -I ^"i. ..1 i (jiajVI ^Jojoi l " 1 Vi 1 g *««■»■ jl 
elul£ jjj c(l_)68-11) (Jj-a^-a (_£J ^aUaj oJj^._ax jl jjjI^j j* 4ijLaJI 

Ajlnll (JjUl JJ^I (^A aIjLJI 4-ajjJa$-a]| oLaai] ^ -s L i nil tll^J jSaJI j) 
i_i!>UJI £-a IfrjqibaJ j* (JisJj '<Jj5JI £-a S^JiU-a ^c-a-lii iaLaaJI jl Jl I^Jaj 
aJojujI jj <La jjJo^aII aLa^JI (jx s-Lall ^ jj ^jj 4'ojJjfUI CA Irs oil Jj .^jaJI 




(i) M 



e^ji ^ (J^ajl £- jM ' a J^J ijji^-a £^J-a ^ J oLaaJI 4£ji£ hqVi 

jlj-all I^JJU jlij Aaliij oJj^a s.WjjI ojjjlj ^1-iiiuAj AAuiLLa dllajl J 

<-_£jx! jj^a j- 4jL^»1I 
• J jjL^xa^all 4x.ljj (_JjS ( _ 5 J^aj3 (Jjl^a-a ^l-laJLuAj 4jjoll £-a aLaaJ] 4jL^all 

sUaII lll^Jj J ja. 4jfrl j jJI j^jJal jVI J& aLaaJI £ jU JLnll (jlall j^JJJ 
(j^al j-a^l (Jlaljl j t<LaLail! jl j-aJU (Jj ' ^ a J ^-JJ^I "-^ jij J U,„H j 4jj j^JI 

jl jj^JJ .Ij.Wll oLa^J Jfr Ajjfa all Jjfl ajll a-Slfr ja "'j .<jjl jj-. \l j 4jjjoo1I 

4 L5j]| (j^Lst-all t^ai jJjoiIjjJI j JjSjuj jill J tjj^jjiill (j-a baljpa aj tl^JS 4 )\ > ^11 
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ll£ olalLa AjjjJafr ' " ll j£j a j telij jillj (_>aU-a^)3l j <_)fLlillj (jjjLajll j jJ«a.}l£ll j 

4_iiljlxll <LAjoi1I V ^1 Ajiilll Jjj-aU-J j 4jqWll l_J ^faJlj i^jilaJI i-lLic-Vl 

Ajlaj 0J03 ^^ifr jlajVl (_^C-J J ■ flLjll jj\ <JaJJjai AjjjLa l-jLuj&Vl .Ajjjuoll 
ciKl $J > >l<U Aj^u^LmW 4js1x1I l_J jfaJI ^ jl j-a -WjjJ .eLaaJI ^l^ijjuol JlxJ SiS-v o 
£jj Jj3 Ajjill Jib <jS] sLaaJl ^jLall i jjl jjc- SjjJl£ ^-jl jJaJI 

j| j-allj Ajjl^ll CjLjjljill 4jii!^a ^aJJ t^Jxulla 4_}llJ AJ°i\ja (jLajJalj . Jjj-aLa-all 
^ jJaJI^II j .(^JajJI jLjjaJI J ^ a U^' J "LaaJt t> l£ Cjlj'jLall j 3jii-a]| 
Jj3 ^ tj^alaJ l$j| ^jJJ Ijlaj ijjlall alcXa CLllj'jLall <L£ill jj^aUxllj 

IjlA ^C-JJ U^J '^U 4 ^ Ajjliill <LaiLuill l^J_ji.J JLaiaJ ^ Jjjj La 4 <_L>*aLa-a]l 

C±jLull gj ^ j^illl CjUaS jjS! Ja> jJ . .11^11 liA ^-3 4-a^-a CjljLufrl AjjLuII ^1 jjVl 
jK^i-sII Jla Ajjliill CjtjLull jii*J li] tCjtjLull Jl jj ^ j KssM jjiaJI Cjli 

ojlc. J^aJj .^_aXajl£ll (ja l&ljla-a (j^alikjV J^ak t_Jsl JiLaJ L_S_a±aJI Jj i r-il ^» ^ j 
oLiaJI t^JjiiJ Jjlsll J-^AiJ .l^al,lV)u)V ^jAubaJI (J^a-aJI aLaaJI ^2 (jj^jjaill (_S j"'** .a 
.L_jjji3l oLl-a jjjla-a Js j <au^a]U Jaliij! ClljLaS till jjilU Aj3_jsJI 

tcjlaJI (jjjll (JjoLoiI ^^Ic oLaaJI £-JJJJ (^Sc (^cljjll ^l^iJLaiVI (J^a-o Jjj 
(_^i3l ^«VI .Jjj^xa-aJI djL>lili.l ( _ ? lc. jjLai jill j t ja^.j jfiill Ojjj V i''^ i 

oUaII j Jji?JI <jUaj '"iVi JJJaU ^UaII jl^LaJI (^ic. 1 ^Ij^ ^so 

I jjj^laj (jlirjunjo ^gliV j ^ jji" jail ^J^' ^-^J ^ '^^J^^ 

joa. Jjlill ^LA^-L <AJ^3 Af\u\\ AJI jll I^JJjls ajjlj CaxjJaj ^a] .4JUj 4JU. (JjjLjI 
_aAill ^joij-a (J^li. (ji?- JJJ^ ^^i^^ ^ J^! • < S? C '^ ^jV^3«-aJI JJ-^Si (_H a l J^-V 

1200 j t(Ult Ult) ^aJI j tUj^l JjSj t^jb^JI JloiU 100 lb/acre 

.01*11 j 400 lb/acre j lb/acre 
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22-11 JUL* 

(F/M) iSoxj c 10 mgd l$5al la Ajj-lall <UajiLa aLaa. 4jaJU-a 4 Irs ^ 

l^la ^Ull ^ ^ t %50 Uj^a (VSS) —11 <^ j 0.25 Uji 

^-lla jaa-jjli 34 lb/ton j 4aL^> jIj* %30 lSj=>^ ^1] J^>jH 

Sjill <cl jj] £3 ^.lild -P205 aj^^ JJ^ j3 10 lb J 44jaa-all 

(jl <jjS1I djljblkl .250 lb/acre ^-Ly jjiuijill (ja Jjj^s^JI 

.5 lb/acre jji^ jill j 60 lb/acre ^ -sa tjo^jjlill j£ Jj 



_J J u^l jjaLj tSLaJI A\lr\\ iljj ^rtl^y 50-11 Jlill S->j*lL 

L-boa^a c%70 SjUkll AlLall ^LJI jI ^Lj 200 mg/1 jJb BOD 



(10-200-2 0.45) 0.3 + (10-200-2 0.45) 0.7 0.5 = 1170 lb/day 

= 1170-^— = 214 ton/yr 
2000 



214-34 = 7300 lb o^jjij 
214 140 = 30000 lb jji^ja 



250 - 60 = 190 lb/acre O^jJ* 
50 - 5 = 45 lb/acre jji^ ja 
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7300/190 = 40 acres 
3000/45 = 670 acres 

aLaaJI £jjjj ^^fcl jjll ^\ jaJimVl t ■ lilaJJ c jjiuj ^all (j^U^aial (_gic- 1-jLaJcl 
• eliLull diLi.ljli.lj c^laJ^U Lijllxa t \\ » jja.jjjj]l (jj^J (jl j 4-a.Luui es"^ 

djLllaj ^Jj a^)ia. jl ellLjlaj i_j]La ^ ^ __>iaJ (jl c-LaJI jjla ftLaaJ (j^»aJ 

oLaJiJ ^Igjll ^jJall (jS-ill (jj^J (jl j^-aJ .al-aall 1 1 <n 1 1 ^tn <Uau34 
tAjaa-a (JSLLa <J1aj (_5^) '^>^J -^Lall Ac.jjla ^»Lk eLaa. 4^*£J j 4jaia»a 

j» jL .4jaJajai]l j jaJI oLiaJI CLi jjj £j-aJ ( " ua \ CllLlijll ^Jj ( . llULa £il j-a ; -» <\ 1 
t-ljla. 4jaj^all LllLlijJI <_j]lLa ^ L_a^j^all all* eLaa. j3.JJ jiall j^ JJJ^I 

^Lall ACjjla aLaaJI ^-a^J £3|_&aJI (j<s JJJ^ j»J^Jj • ** 7- J^*' ' " " 

A^jjiJI 4aJl jJ) laj^a 19-11 

lIsL^^aJI jjajj tjja. jj.JJ$JI jjjjjjS (J^J ^-fcJJ^ ^ JJ^ 2^ 

j£-aJ .Cjljj-alj tAjji >yC. Cljtjjjj£ j t jljj£jj-a iilflaj]| £tjjj -LSJ^ *J^'j ^jj' ' 3 * J ^ 

10 ppm jjSjj ci-^ j '0.005 ppm {y* jj£I jjj jja.jja^JI ' ^ 

■ ^ 1 11 s nil jl^aJI ^ 4-aLui Cliljijlj aJ jj£j 
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4(JjjIjC. L_Sjj^a oLlo jj^i-a) A Vr\ a\\ L^jjJaj .lull (jjSj 

A^jS/l Clllij^all jiiajj .4_aJl»-a]| j 4oL*aJI (jj^ijj 4dsl±ijLa]l j ( (jj-^ SI (S*J^ J 
,A^Ji\jil Ajiji\!i jjL^ax t<Jj l-iVlll djLajoij-a]l j 4 *i\l (jAi^a »>i\l LllUaa-aj 
lafJa Clll^3L-a ^j-ajJaJJj .AfrLoill ^ LjJ^jA 20j 6 Ajjgjll CllV^«-a ^J^J-^J 

<_g j'l-s *i\l t ■ ifmjj . t_±Lj]l jlaJI (JjjoiC. 4-alajl j 44jjj^. aJaJl j 4 jlj£Lal <-aiaj! 4_aj|^)JI 

.(^ilill ^W-jJI J Liln^^Ul^ JSbll 4-a jlio jl (>a CJjubVl j 

jlJlsV! A-a&l 

^iilj n/-sll Lillall ^ajlll jA 4 jl jiaVI 3 aJajV ^-J^ 1 -laUjJjS/l JJ^I ql 
i_]lj^)ijl (j-a 4_rur»JI JaLujjVlj .il-laVI ^JJ .4jj> >ir.^UI j 4jjjJaxJI dlL£^a]l jiaJ 
elj^JI JJ^Wj •*>i*J jl jl JpJI (Jj3 £jI^>a1I jl dlliiUll ^S'liin . jljiJI jAjJa 
£jj jll ^JojJI 4ja.Lawi ^ <aol jll 4^JjS CjLSjaII (j^aL-oJ-al ^JJ 4-LLjjjVI ^)JC 

Oiljj o^lcj j) La£ <*ij>a Jj.iaJI jjJj^JI jxjoi j .o-lUao o^lcj ^^Jtfjj 131 4<gjjfUI 

.4ilfLa ^uiuJI (jjJj^ll 

AjjaaJI "4j&H\ 

.AaJlljll iILSjaII 3JI jV 4,)vViJ sLaJI ^Uaj f Wmnj 

d^o^kul jil .2ai£VI <^ jM ^>jj^l ^ cjUiUI fJi** 

i—ujljl 4£ju1j aJj j-a l-i^ n\\ jIauJI jl AjIaj JaLujjl qx> AjjO^JI l— il qjlnll (jj^JJ 
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4^_ij£JI JaLoijVi ft^A (J^JM '69-11 lS^"^ u& dyf* J* La£ A \<\\ m 




(jjjlaj (jjla-a ^^Jc CjLiLi jll JiaLsj .<|JJ»JI Lluuftj jjaajj jljlatftj ^vjI A-u.u1. 4 il CjUS jaII Jlji 

^JOaJI JO'U I mid I I I, M 



(J^iJ^'j *M^V Ljjlj.nl's 4 7. 11 » .n l&L-a t ■ l!n^)3l jlxll (JjoiC. o^G"^ jiAiluij 

JaLoijL c. jLa-a jl ^jlj) t bJaju £JJ (j* UJ^° S-^J j^ - j»Uaj 70-11 (J^-"^ 

(j-ajJa 1 all ^^ifr elj^-ll ^>f?4 O^*^ (Jj-i.iiT- 4-a3 ^^-lc- ^^-^ ^UaJj tjJj_U 

^ IjUS j^>VI t_liiaJJ . J jU <ill ^Luilc. JLujVI (^j *.Lail laLaiJ LailJ JjjuiiJI jW^ 

1. «lhnll ^jjjjJall ,_>9j .JJj^jJI S^lcj oUa £-XaS/l ^SIjJ £ial «.LaJI 

. jlaJI (JjuiC. jig-?. JaLuijl (j-a ( " it »» >i jjJI <11 jV ^JJ" 2 (_>^al-aa.Vlj 
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j_jC Jjjumil (J k- jfVJ .AjjUajS AjjijJ ^VJJ* tk*-* * sji" » 70-11 Jii 

^U£j^]| S-luiSS j 4J jy JiuiSU UjLjjuS ^JbuJI jjjJjJI »Jl&) P U uLuuj Ulu 



1. Recommended Standards for Wastewater Facilities: Policies for the 
Design, Review, and Approval of Plans and Specifications for 
Wastewater Collection and Treatment Facilities. A Report of the 
Wastewater Committee of the Great Lakes-Upper Mississippi River. 
Board of State and Provincial Public Health and Environmental 
Managers. Albany, NY: Health Research, Inc., Health Education 
Services Division, 1997. 

2. Alternative Disinfectants and Oxidants Guidance Manual. U.S. Environ- 

mental Protection Agency, EPA 815-R-99-014, April 1999. 

3. Linden, Karl C., [et al.]. "Effectiveness of UV Irradiation for Pathogen 
Inactivation .in Surface Waters." 2002 Progress Report: Effectiveness 
of UV Irradiation for Pathogen Inactivation in Surface Waters. Duke 
University: University of North Carolina at Chapel Hill, 2002. EPA 
Grant Number: R829012, 2002 
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4. CFR Title 40: Protection of Environment. Chapter 1. Subchapter O-Sewage 

Sludge (Parts 501-503). U.S. Environmental Protection Agency. <http:// 
www.epa.gov/epahome/cfr4o.htm>. 

5. Control of Pathogens and Vectors in: Sewage Sludge. U.S. 
Environmental Protection Agency, EPA 625/R-92/013 2003. 

±\ j—a ^_JI BOD JjjaJ 4aL*£ ^-a>^Jl eL-al 4jjLua t ig.^i j 1-11 

jjlS j LJjiJI oLw 4jsJU-al 4_JLa^.7l AjLasJI ( .AaL^a j| j-a (j^JJ 4aL^a 

J jj a. j £ jl aJI (jaa-Jill j Ja-laSI (jaalll 4jL^all J jaII jj£l jjj LjLuiU^I f j">^ 

.l-lljifill ^ J jll SLSaLUI (3-11 Jlill) ^LaM jIjJI 

3 aJLuall cAijjuo all 5 aJLuall (>u^3 aJjfllall a .is* j]| CjLLaC ^ La 2-11 

jIjaII <aJU-a (^jbLill ^JU-aJ1 I 

^gj^a al i—jLujojI 4 2mgd oj^a <__iLuajl dili 4 SI * ^ 4 La ^ 3-11 

j^a j» ^i.ni, i i ^1 ^jSJI ^_a La .8.5mgd a j^a ajjj cjU^I j 4mgd a j^a 

j all 2 aJLt-a t^j Vlll t4jjjLMI 4_=Jj«-a]l ikA jj\ 4jaJU-all c^Jall ZUsa 

?l iLa] j jaj JjJas! j^lc 4jsJLua]| 4jUa JlaJ <sill aSjll jA La ?4aL^]| 

al .La <ailaua ^ 4-aC.Lll JjjI jxll j (jLuJaill JjjI jC. ^a ,_^ajijl jA La 4-11 

?LpJJ L_S^JSkVI j <U^I «U jl La ?L_s^aJI 
?4Aj^)ill <aJLt-a a^iLj (j^s jj^a^jiJI jA La 5-11 
■icLu) jlfJaa JLjC. Cjljl 6.5mgd l$J&UaU 4jaJU-a 4jaa~a C^ala Ijj6-ll 

^Lij — ui 4 JoxaII jilijn j»£a c(l mm j^. Jc-Lu) ^c-L JL jc. <ua*j c(- in. ja. 

?La$j]LaaJ ^Lujj ^S. j S^a. j J£3 SAlAJi ^Jjjc. 4 A* tall j| jaII dll jJ^Sj 

^ 3 4-a^i.laiJI SbSn ^ Laj ? j *|-^ll JajII 3J| jl (j^ (_>ajiil jA La 7-11 

?<illj 

?<J*jll IjiA 5J| jV <Ag-a jxaaJI JajII 4jaJLua jjjaj IjsLal 8-11 
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4_jijm \\ \ j 4930000 gpd a ljUouI Jau jla <aJU* (^jj 9-11 

^gic. (jjJ! (j^iaJI J^jll 4ja£ L-bo^J .1.2 mgd sj^a Sjjj * jjJ l-aLj ^iia 

.a jjj i—iLiuijl Ig.T.^ Jolaall A y \\ * a\\ 

4-jUa. il In u! jla 11-11 Jlill yj J«JaJ tf SlB 10-11 

o^ljj <xj>ai " Clil i ia^II .18 mgd aj.iii S jji i_iLujdjl j 10 mgd oj^a ^LaaJ 

Lit (j£ I J oaj ^1 CjIa kja^II J^C-j 4t_uAjVI t_U..ia.t .4-aC.b l$io 

.^jLaloba L_Sjjial 11-11 JLilt ^ SjALLII ^jJall 4-L*w« Um,^ Ja] 11-11 

^ In £ jU. MjLjJox J) ja. j 60mgd S-ij <Jjl^-ill 4iUall ^JLj 

t_iLiui_jl 15mgd to jjill ij^ 32 mgd ULa. 5Ja^l ljUouVI cAjJA 

LS iuh aj^ ^a .cAj^jaJt fzj*. i_uui=kf .^Vl ^L^VI ^ 6.2 mgd j 4-ku, jl« 

J <fr^oi llA^a-all 13] ^tjAljlt 4_jLudjVI fris/unV s^Jj 3 

^L^Vb oUuJaJt ^ lUIo, Ja 4 UU=,VI <aUo]l <> %50 

850gpd ajXj a jji <_jLu*_L V jla 150 "ajjiu^i 3Jaa~a 12-11 

Cjtj CjUuJa all CjlSUa i_u^s.t .Vji« 60 jjSlui 4aljVi jjJI ..laJ jli Jjlall 

j n-s » >t — all jl 1 JajjLa 44 Jajll "ajiaJI Jjij^u ^ I . baiaj j 44jjl!ill Clllc^jaJI 

^xJ 28ft 4jq ^ (-jLbaul ci^l 34ft :AjjV> Qajl^aJI U Aau^aJ 13-11 

.2500 gpm l-jLu^I 18ft 4 1500 gpm ci^ 1 25ft 4500gpm l-L^\ 

i_flj^all i-lLaijj . 1020ft aj.12 LujSj llulj ^lijjl 4jajll aja^JI Ja*j 

100 = C fWi J .^L_£ J tf _Jc 2_jJ^i l3j^> 540ft <aL-^ 6ft ^ 

. Jjioioli Ajaaj JJa. jaJ t^Uaill JaC-Uja ^iaJw t_jLo»aJ 8-4 j 
JXoj .550ft J 540ft OJJ £l£ J jjlc ^Ja 4ja=^l a ja^. 14-11 

gpm L-iijm j| 78ft 4 jL^> i_jUuijl (jol 80ft :AjjVI JaiiilL AauJaJI ts jaa^ 
.1200 gpm i_jLj«_sI 50 ft j 48OO gpm sjLu^I ^j! 56 ft j 4200 

l_J j ±l\ J jJa ^Lj .6 in. e^iaa j 50 ft <5 jL ylLa 4—1 jJJI ( _ 5 Ic- Ai>uJaAll ^jj^^aJ 
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= C jl J&\ — } . 570ft ^laj jl ^ic- (jj-iL-oJ ^j^iijj 120 ft ^-ajj^uSI 

A^r^J ljUouI ^Sjj ^ .140 = C dOO = C — lj AaLjll S jjLJS ^IBJ 

^UVj ^ jl! Sjtoil ^aS/lj £l£ jVI cgoi 

^ Sc "**• 4 \ y (Jjiaioll (j^ajL^xi. (J J-^?-^ Jfl jaj 15-11 

^ Sc o*U£l! j AiUaSI JjILi JikWI ^ilSI SjAA *USI l_S jj^La Jjawail 

?4iUaSI ^Jjj £ caLiAll JWVI M c> %60 t_i jjuoio jjlj Uaic 

?%70 (> JjSl SeUSSI IfclS JjSj AauJaJI 4iUa (j* JU-a 



(%) U.noSI S*li£ 


A aLL 

(gpm) 


(in) (J^W (JS^jSI ^ ff-Loil (_J jjuiia 


0 


0 


0 


45 


60 


12 


54 


120 


16 


63 


240 


23 


68 


360 


28 


71 


480 


32 


73 


600 


35 


74 


720 


38 


75 


960 


43 


75 


1200 


48 



Jj-aC £»a 60 in. lA^iaS AjjoLJ dllij^a 4j!Aj <LaJU-a 4 Saa a ^3 ^?-JJ 17-11 

Jx_*-a .54 ft IfriL* ^ j jAuJI ^JLjj t 9 ft 2-Sjj l^aa aUail 
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(_pajL_a cj7^*-« c_ijuaa.l .8.7mgd ts -JacVl ljLu^Ij 4.6 mgd ^ jjII ljUouVI 

J_A tCjLLaoJ oiA ^.ialaiLi .iuaJI AJ ja^. j ;.Ll£ia.VI <>Oj tt-jUauVt 

LaJi iC I ■ iLbauVI (_>aJ^3 dlV.J*-a La j -boil-La (JSjoiJ cIiISj^aII 

f^U^I jU jll tfjj 

cSj — 1.2 mgd o j-sa Sjjj ^Lu^l 65 ft s jiaa ^LJ <jj^a ti iljj 18-11 
bL^fel j < M Lu*_iY1 o^L_a J^ua uJ .(TSS) i> 250 mg/1 
JjajQll (TSS) ja£ J3 j (TSS) ill j AWi (J^jB ^ ja. jJ cjLa 

? £ jUJ ^alill (TSS) j^Jlj aJjVI 

t^J — J — «-a <_S jj — laJ 2.5mgd £ a JaUjII iJ jjlj (JjJ-a ^u^a 19-11 

^> aja. <_lui a.) 4<_lLujdjVI (J^ajli Jajua jla J laJLuAj .0 jjill c_ iLuajl (jA 5.5mgd J 

•EPA ^»jfll (jj-ac- -1°^ j* 4 ts^" -l^&^VI l>Oj l3J^>^^ 

?4jjjljll j 2L1 jVl tljlfjjJl JjJ La Ul^LUVI J <Uj£1I La 20-11 

I ■ )\j > ii jl (J^a-aJj 45ft LaA^iaS (jjjjlgi (jjSjj-aJ AjaJLua 4 laa a (_L*xj 21-11 

(_g — & 1 — a .S jji-JI ci^ 5.2mgd oj^a t_iLuoul Joxajj 3.4 mgd 

S 4-a.iaJI s^^j -^Lul (_jS-aJ (_Ja ?AjjoiLLa (_JAj ?<— jl-li ajVI (_^ajli dl^/^ua 

.t_jLuauVI J^a-a 

lg-ia (_JS jLul A L LlJ > ii <\ (^gjL^j Clslijj^a 4_uLaJ (j-a 4jaJl*»a 4_Lxa-a (jj^JJ 22-11 

^_k. j JLa^VI JjUl (iJLu .16 ft ^ yrf^ 100ft x 18ft 

ajj — 3 ojjj L_iLuuil j 6 mgd oj-ia L_iLuaul J^*-a Ja.1 (j-a .l$ia J£l 110 ft Lpla 

J_A .Ojuj — II A 1 >aa.j tJilsaa.VI <>»jj tt-jLujoj^l Q^&S J^a«-a L_unaJ c25 mgd 

?liLala 44jujjLi-a jjc. ^jjj ?c_jLiJuijL)U t—boilla (J^^ tlilSj^-all j»L>a.! dljitaJ 

215 mg/1 <2.8 mgd sjj_J J-^.b ^ajii l5j^> L5jlaaj J*«j 23-11 
ij_-a]l ^a %50 JjSfl jjj-ll JjJj .5iLall ajL^II jljj o- 240 mg/lj BOD 
.5 ftj 60 ft c> u 1 ^ J^ 1 BOD -J c> %35j JiWI JifiM J 
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?<Sa*aSI <S jasJI ^ln.n ^Sa i^JSjaSI I OA jla .60 ft 

J '<*S£xA\ 2l?JI*aJI kJiji ^23 c23-ll <SLaa1I $j j*3L 24-11 

j| j — aS! 3 SI j] ajtljS 1 gjal i A ^iflj (jjll 4jS jVI jaII <jA La ..ipa* £EjijA ^gjjJ 

:sl j^JI 4,,,, n Jjjf BOD —SI J Jill cjl jlii^l djj^Jii .<u!*a31 AjL^II 

^ji JJ*jSI (5^J;Ujj Ja ? ui^)a3I ^l <L>jL\SI a! ja^SI ^ La .Uj-uijj VqWrtSI A \\> A\\ 

j jsuLa (j^iisj ji ^ljuji 

^ jii l^s Jaui j (^j aM^^aII <_£jiaiaj ^Jo^a dlb 4 n (—klljj 25-11 

(_g 3 ^ Ja^a l . iLluijl laJai <i |>l hL 7 ft La^iaCj 160 ft LaA^>ia3 q\i^s>.j (_ja 

mg/1 (j—Ly BOD '105 mgd ^jq.^SI ljLwuI J:i*a ^Lu .20-11 Jl»*SI 

BOD —31 %25 ^ jVl tiJJ^ 1 JjJw -200 mg/1 ^Ly 4il*A aA^ jI jaS 205 
<3 ja=J j BOD —SI (.u^l .9000 gpm — j ^jaSI jjjJj SjIcI CjUuJsa Ja»j j 
BOD ^ In ^ . 4.8 °C (^31 S J jaJI ciuJaik j ^jaSI t L££ .ajIJjjo^JI 
*18.5°C<jl] S J jaJI cj^bjlj oUii jJI ^ikiu coaj bl ?£jUJI (Ja^ill ^ 
?jr jUJI (jiiill <y ^jUSI BOD ^Lj p£ 

iSJ^ ' a — J A^ja!! (^Lu ^^)iaaj ^al^)-a dlb 4_Lxa-a Ja*j 26-11 

tBOD 225 mg/1 j— 4.8 mgd a jx_a Jib (jaJL <21-11 J^l ^ ^ 
.BOD SI tj_ - %28 ^s— S j jjj* Jjjj .240 mg/1 U jja 4I1*a aA^> 

4<joi aj f?~*W (a!=>.ja J^S jLauijA^ jjjjiaajSI Aajloll j ^ j^l 4ia.jAJI dlLaJij-al 

jjjXJlSI aJlcl CjlijJaA ^ 4ijJa* JS ^cUalujI ^ c6.5 ft j 120 ft 

a ^WrA] <ilSi_£ j j-a J^ J BOD —31 a!\ jjj caJ >a^JI l_u*=J .2400 gpm 

.Ajjil!i3l 

450 mg/1 BOD t-lb 4aC.LW> LJ^a eL>a 4jiJU-a 4ja^-a 27-11 

t4ii*A3l 4A^1I jl jaSI ^> 280mg/l j c(250 mg/1 ^lu l^ia i_ilji3l jaJI) 
t_jb 4ilj£j| 4jSIc s jiWi JaU J (27-11 JSJi) ^ jo=JI jJIj <=JUa1I AaLac 

a ail 4ao jjll 4aLhaSI .20 ft ^UjjIj 480 Sq ft UjUjI 4 ^jJa jc t_AWit 
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t> jUJI Jistfl ^ . (gpm/ft 2 ) 05 0.0035= k 20 c0.5 = nj <42 ft 2 /ft 3 
(ji.i -si .1.0 jjj-^I S^lcj <iuij (iiij 4l8°C Sjja. ci-^ 0.8 mgd (_>«jjjSI 

l-lu! -si .4_4ka S J ja. 4a.jaJ CjULaaJI £ck^> ^ t20°C ci^ s-il&il BOD —II 
^_JI cJ&ll BOD _J 4Wi J o^ 1 J^W zJ^ ] 3^ ls^j 4^ BOD 
.Jistfl 1a& ^ 0.54 = Jill BOD —SI 

(_3 — JJJJ (JJ J (j — a ^ ' "^ l Jj-^-^ 4a!>lj < — klljlj 4jdj>jA 4aj£J 4 laa ^ 28-11 

t6.0 mgd ^jiuJI i_jUjaijVI iau jl« ^Jbjj .2.0 mil gal (jaia. JS j»^a. ^kj .^J 
^a-J MLSS frUjj ^ .240 mg/1 £ki BOD U <7.8 mgd ^^Vl ^L^VI j 
.(F/M) ^bau j tBOD ^J^j t J jkvJL Jaliaa.VI t> j i— ujoa.1 .1800 mg/1 <*aa 

.^aLi J^jIj i-bujjaia, aLaJI Clul£ lal La jajj 30-11 Ja^l Jl £a.j1 
3 aaL BOD <S J— aa 12 mgd £>ja3 e_iLWal Cj|j AjaalSj 4aj$a 4jaa^s 29-11 

4_jj^lll jA j_J jLju! .BOD _JI t> %25 yJ jVl lsjj^I J^Jy .190 mg/1 
Jit-fc^l .j i. i.h -0 <LLao 15 ftj V> 100 ftj L=> jo 40 ft <jJLG 
«(2350 mg/1 U jaa MLSS 4-aaa ^al) .(F/M) <Wi j t *J ^aaJ Ja*-a j < J jla-JL 
20 = 4-JUill SS j ti-i st-aa. ^ 5330 lb/day ^al) sLaJI j 

.fjL. J^A? S^J" aLaJI lal La jja&I 30-11 Jiill £a.J .(mg/1 

mgd 4 j IjISj 5 — aJU-a { o. <ka-al ^j^.^U j^o&l eaLuajVI ^Jjj 30-11 

jijjJI ^ jka i_j**aJ .205 mg/1 JoLu SS j *195 mg/1 a jaa BOD Cj|j <2.75 

ijajua — all j 4_]j-aaJI Ca^/jaia ^laaiuiL .La^aS ^Lall (jarulaJI (jaLaxllj jjjj 1 "/'^ 

(—Uii a.! .3 Jj$ail CaLlljaJ 4a ^^j^a jj ^all ^aa!\ La <2-ll JjaaJI ^3 ^aja^l! 

3 — aiajll ojaall j ((F/M) .La$a2 oLuJl jarulaal jaLaxllj Jajjjlall ^"jjaW (Jjka 

.S^all 

?<aJU-all ^ Ljjj^all sLua ojl ja. 4ji.ja ^ja$ 31-11 

felSill (Jlc jaa i Via <aJLuall l_) jac j ^U-a La 32-11 
.JjaaJI ^ajoijall A aJajl iJjILs sLaaJI 3a_agaj ^aaaall j Jaioiall jaj 33-11 
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2.0 a JUuiU S.1*. j 140 5 ^jgjjj illljjlaiLa 4iUaJ ^ua^uII ^jj 34-11 

17 U jxJ BOD 3 — <uL 80 gpcd t-ajj^all aU« ^jUouI ^Ijj .5.1* j JSJ (j^aaJi 

Ajtjjjj-all 4jjgj]l (J^a ja. ^ ^ ^. <_Laia.l .190 mg/1 lAj^S <5Lua «UL«3 jl j-aj cmg/1 

(_pajli dj^ox- j Jaliia-VI (>jl LliJI ^1 ^1 ikluib (33-11 l&^I SjJ^ J 

<-_u*a.l .1000 mg/1 Uji MLSS A-.ua ^likluL (F/M) Ja^ jl* L_u*aJ .cjU^I 
.4-11 J A^jJull tSliL ^jall (jjla tBOD aJ ^oa. 
tJ _k. Ja.U (jajtill <_5 jl=o .11.5 mgd a j-b lJ+Ji jj> Sa^I jjua. 35-11 
. 10mg/l <j_ k £ jUJl (jflJaB cSJ 1 ^ ^ tLijJ 35 mg/1 j cBOD 200 mg/1 

ij— 3 .16°C Sjlj—a. 4 — a.jJ (JXJ j»Ull jlio jjlc CjljulL t-Sjj^JI aUa t"lT,j.*f 
Ja uo jIaII ^aJ 3 L_Sj^Ja ( " taJ l^-La (J-axJ C^^jJul^a dlli CllUj^-a AjujI (jj2.}iajl 

Siu^l .4.0 DO —SI (j-Lu .0.9 = pj *0.5 = aF .(5-11 J j^) 

.aLija (J£J hp A»<uaj t(jj-> ujSVI Jaj t^jj^t uSVl ^W^-l 
(jailll joaa c21 .5 mgd i— lUuul jj 4-ac.Ull tlilclsallj Ajj^j (j^a ja. 36-11 

jlill tS 3 ^' cii^ ^ '^u j-J 31 mg/1 j iBOD 180 mg/1 JiU 
^-LuiVI Jj^ jB 14.8C AJJUI »tLSll J^U SjjaJI 2Lv j^j V .10mg/l 

DO It? W J .Ajjlill jjUj A La J ( _ s iiJiAl Ja^j V Jalj tCjljuL 

J — ii j>j — a Jojoi jla ^Wim! . 15 ciiUlaLill J^ac. £luj . 2.0mg/l a-ojs ^jc AjILV 

jtLjU Ja Ja ^ t( ij . nti ^ (2) fJ ^ (1) L_buaa.l .f3j aF _1 jj^VI 

. eljgJI ( . il ; i n*i l J^sua j chp j t(Jj"> ni^VI Jijj t (j.)T > m^VI 
(j afc ^^Ic "ajjj£ Clsloliij Ajj^j cAjaJiLa aLaa. AaJUua A Laa <i ^^aJLaij 37-11 

BOD 220 mg/1 ts _Jc JiU JajSl! ^ >=u dija. .6.5mg/l ^W^^ 1 ^ .15 ft 
a_^j^]! ^ aUU. DOj Ul1 ^ ,(%35 ^jVI jjj^' ^ jj ^) 

*l j^JI t-jU.oul j hp <>>rJ .16°C <-a >-all slf» Sjl A^.jJ jiij .10-11 J 

AuajaJI dul jail JJ^Sll Ajli!a i_ajj^a elxa (J Jc Ajjja-a AjoiljJ ClljaJ 38-11 
^JJaa '10 1 Ajj^oll a ja*a. ^aja. ^Lj .8-11 a jSall ^ (j^jj*-a ^gjJaljj ^jjAjl 
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(jl £ j .38 1/day <J.i*-<u L_Sjj^a aLiAJ Aj-iiull CIuj .Cjlctsal] ol j-a * n aJojuiI jj 

ki 4 kd tY ^Jfl £JJ f& t JjK oil JaliisJ y-°j '^J^ i-JI £ j^aaJ Jjl^-all 

/Ul cU c r su 4 1/6 C c 9 C a.1 £il jUSil *L»L. JS1 Ajj^II ^1 c> . k s i 
Jill jjxJSI t40-l 1 J^ill ^ j4 L£ 4^1 oIa UjUj ^u>J ./S e l j 

.AjSj^JI 

al__l<a I — iLbaij V 4LaLaJ Aa. jj^-a-a ^ ItVm aLa^. A y 11 ■> <i A n jj <\ i ^>'l ^aJJ 39-11 

jjk .Ajljj 200 mg/1 l*ia 225 mg/1 BOD _J ^js* ^Lii <3 -° m g d " ^ 
JL-^VI BOD —11 t> %70) 7mg/l __j jUIl ^1 ^ BOD —11 cJkL. 
2 — <ua <jJ 8 t-i j^-all c>j uj^J J 4^Ua.S/l Jj^il j .(10 mg/1 (jJUl 
0.6 lb VSS/lb BOD =Y J Ajj^II £&L»1I d .2500 mg/1 U j& MLSS 
^ l^I .60mg/l = k sJ 4 f jJ 5.0 = kj 4 f jJI ^ 0.06 = k dJ 

si a^. (Jj Jua i—bai ^.Ij 4^4jji n-s oil 4 ojqll ^^llo ^AjJ (jLol lW^- * ^iuil) Ajjgall 

I a J ■ all 

A JjJ^JI A Aaxll t L <-i .4_ijlii=J Cllljj^j ^ AjjO^JI 4jlaxll t «>^t 40-11 

.4 kj^lall aLa^JI AjjgJ (Jjl^« aljg-all jljA^/l £-a Alal jiall 

*a£ jJI ^Lou> ^!L2 ^ 425 lb BOD/day/acre U jii a! ^1 IjiULojI 41-11 
4-boia.l ?165 mg/1 sjJ BOD <j ji*^ 0.65 mgd Uj^a (-jUjouI .L^ jlal AjjiLuJI 
.0.7 in./week ^lii AjaL^a ajLoiio ^ jj 90 aj^a AiUi^l (>>jl *lail ^Vl c>a*ll 

aLui L-iUjouI 4L<ujJ 16 ^Ifj AalLaaJ ^Jojoi AiJjawu jIjaLjjI liljj 42-11 

4BOD 4-J ^ <.<.n a.1 ?230 mg/1 a j^i BOD ^ 0.2 mgd a j^a u_i 

y — a Aaal L^a ajLuai. (jlal jjaL 5 ft J 2 ft t^aC- ij£ ^llall ^.llill cJj^aa yjj^J J 

.*tL2ill j^i! lDU. 0.05 in./week ^Lu ft Ul! 
4 175000 cu ft J j— j 10 ft «t5j*- 'aj*y ^ 43-11 

^ jl .450 mg/1 ,i — Ly BOD cjl j jj^> aLixi 0.2 mgd ajl^La U Ukjajj 

• 30°C - 10°C jJ— J I o al j goll Ul jj^all aUal <*a jU S jl jaJI CjUjJ j^urfi 

I^LaJcl .25 hp 1 Q(S l« (_JS <cl Lj i ul (jjosJajoi (jjjj^AJ (^gj^ajl 4 (— Lull-La ^ j-a (jo-aljlj 
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lb u^-u_sS/l j c0.8 = p c0.9 = a <2.0 = C, < f jJ ^0.68 = 

?4j_">Li* CjLj"j<3-J lJa ?t_uAia JSaij jj^JI ^ £L Ja .1.0 lbjj^t/BOD 
?50 mg/1 *AiUI BOD _JI c^Ulki^ jj^ll c> 
220 e jxJ BOD ^ j l^u f jail 0.375 mgd Sl'j^ jj ^ilS 44-11 

?4-aliiajuj| (J Jifjj 10 hp <cUaU li Lijg-<s ^ ?mg/l 

i ; ) jSI ?<_s^j^J oLuJ ^jUJI jjS^ ^ (jjJJjll < .1.1 nill jA U 45-11 

si J-ai =>JI JjSXJill £-« J-J^' £J-^ La^jc djOaJ tj'^\ i jL tA £l\ Jcliill 

j oJI ^ — * 1 a ?aliljj j£\ J jl-lsjl lp>a (^JuLa!! JJ^ Jf^! •'~a>^l 

y^gifLall Jjl^Jt In'.-il j».S'iun ^uLuuSJI 
?4iljJa j <LjIa (>al 6JJ^ 46-11 

,i t-u^ 1 -14.6 mgd a j^a (^oal ^ ^W^ 1 <jJU-a <k=^ 47-11 

t%5 s J-i— 3 JJ— H j_ j£ jj J=J <_>a .Ujj ^1 a-iUjj Jjl^ll (j^LaJ <jl ji. 

1 a jJ3 jj j^-a ^S.ljm ^^ill J-iC- J jJI ^ 'LalVlnu^l dll^jjUll J^C- i . 1 ui-s I 

.jljiJI ^ ^ 
^s maiill (jjS _ajJall jSjj t— Sj£ 48-11 
/100 ml 4__JU=J diLu j] ja U?.jU. laii Aa^uijJI Jjja AjuiVl aiaj 49-11 

t 4400 MPN/mllOO Ul^-j cIjLu jljS 1 3 JaJJ ^1 jl£ j] <MPN2.2 

(jjakll ui ^1 jJ <ll jj jl-lla ^ilJ ^ .4j?>.iiS1lll (Jj3 4ju!&\ Ax. j*. j log SI <ll jj 

.aJSjalall Ajljial! £jlall A^ks! 4j?JU-a i_L^a 50-11 
BOD (_5 j'l's <iJ 5.2 mgd Upc-l Lj i nl 4 kJaia oLaa. 4jaJbua 4 lis ^ tjj^JJ 51-11 

(jia ja. j jl (jj>a (j^ t220 mg/1 (j-Lj AiLua 4aL^> J ja j 200 mg/1 £Lj 
4i\i^ \\ j| j—JI (> %48 Aal jVl CjVI jVI jJL3 -ti jjIj (jjj- j (cjIcLo! 8 = dt) 
U jxJ MLSS 11 ^J^J lP 3 -BOD —II <> %32 j 
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j£ jill jj£j liua. ljIajoliVI Ja*-a j ataaJI ^ <jL-aJI jI jail t-luia.1 .3000 mg/1 
.%0.5 3V.nnoti L_S j^ll sLa-j %5.5 ^uLaM j*ll yljVl 
<_S j— la-aj 120 gpcd U jaa i_ajj^all aLa ^ j jail <aaLow> ^hViuL 52-11 
AiL-all j! jJ <>,r>| cO.24 lb ^kj 4*1** <uk^ jI ja j 0.2 lb ^Lj BOD 

Jjii ^ojjjA <]a^a ^laiiuiL) jaJjll J jail ja Aaulill i_ijj«<all aLaa. ^ j aLaaJI 
I^jj^lS ^ Clil Jaa all j . jjjallk-a aJaJiLa aLa^. (^Jaa a j 
ijj^- JJ • 1 

ajj olaaJI 4aL^ jI ja j£ ji BOD —11 %50 ,^1 jVI (jjj-ail Jjjj 
.30 mg/1 £jl^l! (jaiill aA^I) jI jail <ia£ j 0.31 ^jall k <aJ £La .%5 

BOD 11 j— a %30 j 4jL^_1I jI jail ja %50 Jj jj ^ J <ijj* ^La-all 

<_£ j a j dllcl 8 a jX_3 JalSaJ ja jj a1 aaJI ^ 4aL^ll J jail %5 JJ^JJJ 

sL-aaJI .20mg/l £ jUll Jitfll ^ al jJ jJi .1500 mg/1 ajaii MLSS 

4aaoa 4 ]-i una ^jjj^a 'aLa^. j AaL^all al jail ja %5 4jbaU dlla 4aljl eLaa. ja Vn\-s 

.AaL^ll al jail ja %4 <iuj Cala 
■AjtjoijA 4ajga 4 Its a . 3 

• 1200mg/l J *c1 u! 24 a ja_J Jalilvl jaj ja j^llj I(# l ji jjj- a^ja V 

• 4aL-a al ja %1 (_£ jjlall (Jjjall (ja 4jj> r-\<\\\ eLa^JI (_£jiajj 

4-ajjJa^-a 4al jl i—Sjj-a 'aLaaJ Luall j Ulatll jua.jaJI juc jjuoll t—bmaJ 53-11 
600 gpm jL^a i—jUjouI ja jl*l! aaS LuLu Jia .%5 £ajJ 4aL^a al ja (_£ jla-aJ 

jjjcjuuJI j-Jaj .800 ft aIjLj 6 in. ajlaa lj jajV dOO gpm Ujaa CjIjUji 

.52-11 J^nill jru jA Lai laaj c Luall j Ljkll jjia.jaJI 
Ja^a, ^1 j_A^JI ^L*il J\ J jSM jjjall ja aU ^cjJa LS kxu 54-11 

jkj all ^ II (^jjlall (JjJaII jaj tAjLdll jljall ja %4.5 (JjT^-aJ 500 gpm 

j> Jal$ll — II jklall jaj c4aLall j| jail ja %0.5 (Jjli-aJj 500 gpm Ja*AJ 

— Jal^ll j — a j 44aL^a — SI jl j — all j — a %5 (_g joa a; 100 gpm Jaa-aJ ^1 jA^illl 
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jJaS ,4aL^all j| jjl qa %3.5 ci J :i *- aJ J 350gpm Ja*-aJ «.U jj ^J] ^Jl jA^UI 

cj^jallj cjliLaJ! .8 in. c^l&l l£ 
jjj-j T cjX^ij 8 '^Jaa djUUx^ 8 tJiLuj 14 <850 ft aJ jVl alaaJ 

.90° ^Lja ^ j£ 24 («-jUau! 

jjj-oj T dL^L^aj 3 t^JaS ^Uu^a 1 oLai ^\ <u <-i 8 ' 420ft AjjjIj t3JJ^ sLaa. 

.(100 = C 90° ^La £j£ 8 .iJ*-ll 

T Cj^ l^i j 9 i^Jaa f>^a 1 ^U.^> 14 cl200 ft Ajala sUa. 

.90° ^Lja £• j£ 18 c^^ 1 

J — J^-aJ T dl!)Li^aj 3 C£-ia3 ^»Laj^a 1 t^Lui ^\ i\> 6 '520 ft A«a jjJag-a oLaa. 

.90 y^Ua ^ > 14 c^W* 1 

i^U^a jail j i_i jjjVl (ji jLJI i-u.ua.1 

^Jc JiaUj <Sisuail 4jL^1I jI jJI t> 215 mg/1 j 20 gpmtlilj 4La-a 55-11 

(%22) 4 !<;,,, mII A^Ull staaJI ^fl ^jLafl %60 UjoS Jjl jjjx 2L1I j 

1 t jj =oall A Jjlixall <LJLaa.VI 4a.Loi<a]l f^-^ - '.'"'^ 'ls^'-^ 

.^aaJI j^fl jjjLoUAll jaj jlaS L-ljaia.1 .29 lb/sq ft ^Ias <Uj-aa. J^*-a Jojoi jla 

BOD Si qa jj joa-aj 28 mgd o-i^l (j-iia. ^jilli 56-11 

.(Acl — ui 24 = dj j_La ^j) 200 mg/1 ajaa AaL-a Jj-aj 185 mg/1 ejaa 
7 AjL^II j| j^ll jj£ 2500 mg/1 Jjaa_s MLSS JlMa^ll sLsJI Cja. 

(Jin aJ j 4 lb/day -J1 J ilia.jla ^1 4.lL^aII j| jxll (-lus.) .AjLoII j| jaII t >% 

8 J — axj c250 gpm AcUadjail fjA jJ$\ i ; il kL joajj aaa. j ^a .(—iUjouVI Jaa-a 
jl L_U*aJ .%95 ^iu ^low>j %4.5 ^1 dllaj |j| ^ CjLilu. 

.AaLjjII j Aialall olaaj (jUuajtfl J AjLall 
<A^a j| jx J jj^j jll AaJUJI CjULat j AjojUinW CjUllalall ^ La 57-11 

?j| j-all aais ^Vin'i Lj?)j > 'SiJ^ 
Jau jlall ^JLl .50 000 CU ft ^1 ja. <JLaa.VI UjjSLL jA CjLa.JaU 58-11 
1 « J 4% 1.5 aj^a 4jL^1I Jllj-aJI (> jla-aj 32,000 mgd oUaJI t-il^ouV ^ jjJI 
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t(VS) 2 S ja^. J^uaj SLaaJL Jilii^VI t> j •* J^ 3 J ' J* %63 4lu»3 

• %15 ci-^ UjliiLuil ^iB t L^all djUlkla CajlS |j>J U JjS j 

t—ajjL-a SI fl1 a^. ^ ->^> ^Aj .SAjoiSt (J^ia. ^gi oLaa. Lul jAV l-LajJaA 59-11 

*\ j—a L-^ia %65 U j %1.2 e jja 4jL^SI ±\ qa fj jl*-aj 5250 lb/day 

to! aaJI l-lLu« ^ cJ-^*-« 4-U*a.l .15.5°C ^jjx^l ftLua 4-=kJ.S j .SjUla 

V^gjl j — gJI * Jal^ll tP^Vl ^aJI L« .B t L^ajl CjUlLlaJ ^ij ^ ^=uJal^JI ^sls. j 

Ujiaa) 4jjI jAV CjLajJaU 4jX 180 gpm J^«-aJ elaa. j^JaJ 60-11 

J j a l$ia %65 AjJjad Laj %5 lg'j>n1 <iL*a J ^a ^ jaj <(20 ft l^LaC j t40 ft 

Jll j ill -J^"-"' <Jjuii dil <\» >-tl g SI JaSLvJ ' t ' V j ' . ' ' " J" V sLaaJI .ajllL 

c^-J^aaJI ,rnj t Jjk^lL Jalii^l (>j i.I.h^I .%42 Uj^S SjUUI 4lS,^SI 

2 <\. ^.1 1 jlj^ai] 2 j M g "J l 4jjxall a luiil l j 

*1 laxJ (jj — Jjl t jOAj^alA ^ ^jj^- 4 'Ua.^aJI Aajlii CllLajJaLe 61-11 

J jla-a (Jjaju 35 ft J^aS CllLajJalgJI (J£ .^jlo »1 la»J (jjJjjlj (jOAjJaUe j idulj 

gpm J^t-aJ etaaj ^iij .10 ft ejJS Joioiu JU-a dlli AaaUaSI 4ala&Vl .22 oj-5S 

4, mi i Ijj j j| %4.5 slaaJI ^ jlaj .a^Luo J£ 5min SaJ c500 

<j lkLj Sj jViH 4_iL^_JI j| jJI j> %50 r „iWi ^li .%62 Ljj9 SjLUI ^ ^ 

4 iS i r\ SI ^Ij all A JjIaSI AjjaiiJIj 4<U j^SI (_).}»-a i . hn-J .(jj^ij ^)gja>l 3 

?L_LoilLa (jjjaull ,Ja .(jjjaaSlj t<aJUuaSI 
(Ja>l (j^ ^ "-^^ ^-^4 (j' 4ulLaj^ AjVj ^ t °J^"' <Liia ( . )SS-iTi 62-11 

i—ilwsl ( jijuj tl001b/day <^J^* .^ja^ ia^j tjjk& ^JLj* 

> jmi^I ?sUaJI t ajsau <*J«,U <j U, ,4001b/day AjjjIjII aL=JI 

• Oaill ^ SUaxJI ^aUJI jUuVl i^La^l CljllJaSI ^ 

j Laj ( a jS . V-.fi a^a jlajo, eLaJI Ujj Jjaj ^Sll ^La*]| uLa 63-11 
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fc (j^aj Lao ^ Sj <_L-*a jail tj^AJ * 8jS . JJ^Ji AajIxa AjIaC. ( L ,0 64-11 

t L^all ^Jl jail ^UJUaJI CjULo ^ Laj fakiill CjUlkLa ^Jfc La 65-11 

^AjjaaJI AjL^JI j| jaII e JA ^IjauJ (j£aj ^jia j ?4jjJaJI 4jL*all i jaII <_> A 
^5 — j y^l Jfrll f^jW J ^1 jA^HI ^Ja^il ^ . U , *nl l L_£LLkVI jJJ jjli 66-11 

^U^Ulac. jjj L_£Hk7l j 4jUu11 <U. j! La .ej jail < . la J j ejjaj 

p.1 9J^/I ( _ s SJ 1 a^La J £ <_L-*aJ i— Sj£ t ^aaatUll ^jL^ia t 'a.r-i 67-11 

?A t LuaH ^ jjaJI AjLall i jaII 4jsJUa CjUllalaJ 

fljj LaLa ^ — 3 4 jS^a ja. jujx JaC-Lja jLii=J o^a. j C-La laJj > J 68-11 

eJ^jll (Ja*J .<LajjJag-a oLa^. (JA Lulj&V *LaJI ^-'"'^'"j jW^"^ t^Sj^vlLa 

Li jj %0.2 (^ic ^ jaj 2 gpm U jj5 jj <cja.j 20 gpm e j.ia Ajjiu J-jxa 

j! j— ail 2000mg/l (jlc (_£j!iaJj 17 gpm l)j")t1I eLiA l—lljjajjl ^JL . jjajIjJ 

t>a 500 mg/1 ^jic- tli j 19gpm Lj^Lwul .aaa <^.Lijll Lai caHxaII a j] > .all 

^31 %3.5 <*1U3I Aj1«j3I ^ Aj\.^>\l j| j-ail Ajuou C^lau .Aila-all <jLoil i jaJI 
A—S^j*. j t^j\.^» 11 Jl j— ail <1 jas. j cAalJ JJ-JJ^JI ^ jasJI C-buoa.1 .%32 jj£ jjj 

.4aL^ajl jl j^ll jljjluil j jjaj] jjll 
gpm ejJ 5 oLaa L_lLbaijl jA jiLall ^ jjj 2.0 m 4jJajC. ^»l_p. JaC-Lja 69-11 

iS j aj 6.4 gpm jjaj] j — jll 2 — & j=>. ^Jjj .4jLail j1 j-ail ja %4 (jjla-aj 150 

u — a 4aL^a — 11 j! jaJI A_uuj .60 gpm pLail c^EiLjajJ .Lijj joaJjjII %0.5 
J^ju L-bo. ^1 .1400 mg/1 JuoVll aUa ^ AiLuall ^LLall j| jaII j t%24 
jbjj — J j jiaA j — Jl 4£ja. j tAjL^ail j| jaII 4j ja^. Joaua j tAjljl jjO^il Aj ja=JI 

.AjL^all i jj) 

^gjc c^j^Jj 250 gpm J^«-aJ l$J Ajiiall j>j aLaa. (jA «.Lall oiiLi ^ jjj 70-11 
j;iAal j jll) el asJI ^a 22 lb/ton lijni'lll joajIjjII 4iLjaj .A A±*a j| ja %2.6 

mg/1 ^1& e jl£jll (_5 j %26 a<*£1\ AjL^II jI jaII a^> (%45 ^ouj 

iAl\ jVI e^liS j t^a.^-iu^ll 4_iLall i jaII djl^j jL L-buiaJ .^jLoll i jaII Ja 1720 
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lij .^Vini all ^uaA j ill 4_jlL«^/l djI-XSjUll j i jjaJ jJI lIiIaj jUj 

cjlj jlUJI j^u I j^La jjlL Ajiijll Jox-a ^Lu 49 lb/gal j jj jJI 
ts _JJ L-a^U £■ jj 4aJU=J sUa. j> 8000 lb/day ^JU-o ^Lk^o ^ 71-11 

4 La^-alL !La jj^jjlj Jc- aLaaJI ClljJ^l .%26 lAj^a I^jS A \\ t n jlj-a 4jjo»j 

jx_c 1 — a . 751b/acre a jx_a jjjj Jail* JJUaJill j .36 lb/ton 0 j^a 

4 3 — I^^aII ^1 jj A-jJ^ 1 ^1 JaLoi jl (_£ i (Jjla£i ^JLjai A -\ \\ ■* o <ixa»xs 72-11 

J — Lj .21-11 JSjuo — SI J (jJfa jA La£ '^Jjjlj AaJlxx j Aj\ jl <LaJU-a (j* jj^JJ 

Si o. lA cj (j* 4aLo1I j| _oaSI <aJla-a OJ^" • JJ^l ,-A.jUJI (jLfill 

sLaJI ajJafrj .4jL<aJI j| jJI 4jl jV J jVl (JJJaM Jj c£ J^' J SjJ^ 
. ( _ s jJajl ^l-laid Jj JsjjJ <1^^>aJI J^ J'j*^ Q ' '"'S • 
* <-) .)* ' ' ""^ *JJ^ 

i—iUjudjl t8. 1 mgd = Sjjill i_iUuijl t4 mgd = Cjr *^ <_£ jfr^ f^*^ 

1.8mgd = 
185 mg/l= BOD 
198 mg/l= 4ik* <aLa j-a 
14.5 C = ^jjj^JI aU« Sjlja. 

200 MPN/100 ml c30 mg/1 = 4jL^> j! <30 mg/1 = BOD 

:4jaJU-a]| lilies. j 

48 in. ijjfLu] jS jn-N ■ (J^l-ill (j^-liU ^tJ^a *daa*a 

1 in. <alaj jLuJaS JUjc- 
cU jlJ *JI jj j^jj V 

7 ft Wi* JS J aUJJ t>a& c45 ft JaSj jLul - aAJ cAijj* 

7 ft Ufrla J£ J sLaB (3^ '35 ft jiaL jljjl - 
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8 ft La^ia J£ ^ oUall yrf^ (5*° '50 ft jiaL jljjl - Aajl^j ilAiijj* 
LafrLa |_J£1 6 ft <jj-a*J '60 ft ^aij (jlut — Ai^^a Aj^iaij dsLauj^a 

Lag-La (_J£J 6 ft (j3-a*J '60 ft J^aSJ (jlul — 4la>^a Aj^Iaaj uj j^a 

IgJba (J£ (jJajCj tlOO ft l^Jjia CllljjL Clll^a-a 3 — JjKll £-a (jjjLaJ <_Haj^- 

io ft io ft 

(C^UcxJ 12ft J t 35ft jlafl jl <kj. ^1 jA^ 

20 ft Jjiuftl! 

f cdjLalcxJI 12 ft J c35ft -AjjlS <k^a ^1 jA^ fuJaU 

CjUIc J (jja 10 ft J w nnll 

^ <a.j.la3l S^a. jll AaLaC. 

Aijjitll <_£ j . asl\ 4JI jVI c jLuJaS JbjC. <Jaj <j-a 

t.wJ A 1 ^aa. j tl-jluii iVl (_paj\i dj^/0«-a 4-a£la iia. ttlASjjAll JaJ (j* 

.Jalals>VI <LaJ J 

AjIJ jjJj^Ji ja^JI j BOD —11 (> (ji^j t4jjiail]| djUuijAll ^ 

jj]£JL 4j^iall J^*-a cJalila.Vi Q^j 'J_al^ £-a (jjLull (_^a_ja. (_L>I (j-a 

.la jj 30 SiaJ 4_> JlljU^U Ajjlkall jjJSII 4u*£ j cCjljU jUL 
• <_gjL La] 1 3 *" J olaaJI ^tij) (_ LoiaJ 

ujL A jjUxaJI <a.Lai a il*. t^ajVI ,J ^l^klolVI JaJ (>» 

.aJjLJ oLaaJI ^ joa. jjli 35mg/l 

La^ ^Jjj^J 4 t» 1U « j a\Aj\ A -\ \\ r n (j-a ja^. ^jJuj-a Clll j -A laa o (jj^JJ 73-11 

UJ — ^ • J — ^ <^ — \ Jj^-^' eg-?- j^J' (jaili ^J^=y -27-11 (J^*^ ^ eJJf* 
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4 Jjajl t a] i j 4^La3! L^La ^ jjj j»J (jjjpj (jl j=> cs^ oLttaJL lifl-sj . <lL j| jaSI 

* ' ""^ ^JJ^ 3 

t0.32 mgd = Sjjj — SI t_ iUjou! 40.12 mgd = LS ^^ lSjq^ ^ ■ ^"i ^jU^I 

0.05 mgd = ^ J <~i\#Ji 
280 mg/1 = SS c360 mg/1 = BOD 
0.0035 (gpm/ft 2 )°- 5 = k 20 c0.5 = n d6.5 °C = U> j^ll e U. S J ^ 
lib AaL^ ^ ■ 0.7 = BOD lib 

jUJI (jSJoll <aJU-a CjUlkLa 

200 MPN/100 ml c20 mg/1 = i\ j* c20 mg/1 = BOD 

:AaJUuall djl^i. j 

JjiaiuSI JU^a c60 in. jlaSlI c4_JajSI SjflaJI JiJJ (JaJulS ^Ja aJo^-o 

250 gpm jUiuJa^i c4 ft 
6 mm. 4jsuAj (jLuJaa JLjc- 

cUjis yi j v 

5 ft lafria J£ ^gi oUalS (^fiU. t>a& 4 12 ft jlaL J ~ <A J £>\ZjjA 
7 ft La$ia JS oUaU (3*° '16 ft jiaL jlli|-4jjlgj lLiISjja 

1 <^ La i_J£J 15 ft 3^*"^ '16 ft J^aSJ — ( " 

46 ft 2 /ft 3 Uji 4jc jj 4^.Lowu ^sJ-ajc ^jLiuijU 4i\j£l\ kAc S j.*^ Jaluo j 
175 gpm a j^a jjjJj 

(J S -jJajfc j t30 ft IgJ <-ls! _ojij .iaJ j j-a-o dlli J^jSiUI £»a (_^uLaJ (jiajaw 

5 ft (3-«*Jj 3 ft l^la 
jjK % 12.5 JyS joj jl ji. (j* CjjjjKjjjgJL Aj^iall 
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(j a (J UL uj jll . 0.5 HI (_J^ (_pa^_)C. Jafcl^jjJa 3 ^3^" ^ J -"^° JaC-Ua 

j2 £ a (jal jjIL £■ jAjujS/I <^fl 5 SAaJ 4^wJI 5 UU^a 8 AcUill 

f\ m » J CliV jVmj l^jjlSj AaJUall dil-ia. j (j-o (JSJ (Jjialall q eajl > ^t*> J^a. 

Ijj-aiJI <U.j.1a1I is-la. jll AjIaC. 
^»Ua.l j AjJajll sjiaj ^aja. U*.Xa Ala. t(Ja.l.lll jjajdll £tjJa 4 ka a <Ja.l <ja 

Aljiil ^^»all 4JI jVI iia. t jUiaa JIjjc- JaJ t> 

t^joi-JI 5 — SjAa. ti-iU.i jVI (j^ajli CL^^jui Ul« Ala. ctlilij^all <Jaj <jA 

Jalija>VI 4AaJ J 

AjIJ jjAigJI Aj jAaJI j BOD —11 t> '<Jjiaajll CjUaijAll Jaj Ja 

4 J-i*jll l)-^ «-* 9da.VI <j «j -^Aa. t j_ol£ll £»a (jjiUull (j^a_oa. (Ja.1 <jA 

.La jj 30 aAal Uj AjjikJI tJJJjlS jJJ^ll 4_ia£j "-jlAi jUL) ^AiJjK JJ^JU 

• Ul ^~>*SJ oUaJI ^Ul *— baia.1 

J^uaj t<U_aAaJI .Ha. c^l^aJI jjjja I " \\ Vir-Ua |Ja.l (jA 
?B ' i^all AjjjaJI AjL >»N jIjaSI CjUUaiaJ eli^U jjaJI CjLa.Lua.1 < xJjj ^ 
jlaJI JjaAllI CllUiLlaJ AaiUi all 4jaa-a ^gitLoi 
(jjj jja ^Jj^ AaJUaj 4 ajjoba AaJUa (Ja aAaiSI (JjAia. <Ixa»a (jj^Aj 74-11 

yJ Jjl^ll CjT^J^ -34-11 Jlill (jjfA jA US gjj (JJ^A 

(jjj all ^ II jjlall (_3j^>a1I oUa. a^lfcj 4jUall jI_oa1I AaJlxA (jjSjJ . j^j 

^ (>a (Jaii j ^1 jA a > a$ J AaLall A< jaII a > .AjL-all j| jaII a!\ jV t J jVl 

.dlUiill l—llla 
: Jjir. uidll LJjj]a 

*4.2 mgd = sjjj — II sjLujj — jl t2.4 mgd = a l ^ j^i ^j^ . ^'i t-jlwil 

1.3 mgd = i— lUoul 
^25 mg/1 = Up <210 mg/1 = SS c260 mg/1 = BOD 
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17.5°C = ^jjj^JI aU« ejl ja- 

200 MPN/100 ml dOmg/l = Aik^ *jLa jIj* dO mg/1 = BOD 

ft JjiJull JU^a 1 12x20x15 4jjajl! SjiaJI i*J J^l^ll (jSJuIJ £jJa 

3000 gpm Ifri* l£ A^Lkk-l djli^a 5 *8 

- in. <=»aaj (jLuiaS JLjc. 

jU j! ^jj V 

12 ft Ufria (JS <J sLaB (ff^W" (3^ '60 in. jials jljjl -AjjI^j lLiISjja 

J£ ^ ^1 ja dili djLj'j^ 4juJ 1 80000 cu ft AjuJ - i^A 

fJ j 15 = sLaJI jac. c2000mg/l jlii MLSS 

l$ia (_J£J 300gpm <cl SaLaib ClsliuJaA 6 _ JJjJj o^lcj £tjJa <ka^a 
ft l$ia J£ (j^a JC j t 20 ft till jjL till jaa 4 Jjl^M £a (JjjLoj (_K>ja- 

10 ft (>»jj10 

*U1I 50 ft x 50 ft x 15 ft djl^j 4-<jjI jA CjUjaU 

^OAi-a j dj^jaJLaj Igjjlflj all dll^j ^ <J^ Jjr /Till (j^ajL^ai. ilia. 

:(j-aj]l ^ <a.j.iAll o.la.jll AaLafc 
f\ aaJ j 4aiajll ejiaJ ^»aa. <a£Ia iia. ; JaJ-BI (jS-iiJI aU^a <JaJ (j-a 

.Jalaia.VI 4AaJ j 
?-lia. jj 's ulj sLasJI l—b 11 JJUjoi (Ja 
j a lj Saj JJ-^I 4] jAaJI j BOD li t>« toAjoiSVl (Ja-I <JA 
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jj]£JL Aj^iall (Jjaua tia1iia.V1 (j-aj •^■^ cjjlSJI £-a (jjoLajll q^j^. (j-a 

.la jj 30 S:ul 4j jIa.SU Ajjlkall jjISII 4^a£ j ctlilju jUL 
•jjjlj La] 1 3 J SLaaJI ^tij) <_ Lol^l 

.(jj_)ia]| (j-ajj t J-ilfri-sVI ^aJja^II JA^. cAjjI J$J1 '')! ft > al II (j-a 

mg/1 (J.lkj uAj 4jjlka31 (>ajVl ^Loui JAa. i Lf x±xjJ\ ^AklaiVI Jaj ^ 

aJjLJ aUaJI ,^3 t^Jik jjij 30 

jUJI (jaiill diULkLaj AaJUxil <La^a b sim J* 

A — -^11* ft j 4_J jl 4jaJl*»a j <aiui«a A^JUua (j-a A )aJala SLas. 4 Saa *\ 75-11 

<a uiVb 1 ato-a ^jUJ JjSlill £jiaJ .(135-11) <_&^S1 OJfa jA la£ 4jjj1j 

sU 

^jJa g-J Si aaJI ^jJa gJ .^uJa^JI S^jujUa 4_jI_jS/1 SLa^JI £tjJa jjljll (Jj^-all 

.dlLliill jOj l—llLa ^gj] 1 g Saj cjjS *Lal1 l^la £ jjjj ^Lu ^jI jAV 

Ijjjiujjll (—Sjjia 

1 19 mgd = Sjjj — SI t-jUo! — il « 10.3 mgd = LS ^^ lSjs^ 1 t -\3« > ^ 

5 mgd = 4-1^*^ 
<22 mg/1 = c240 mg/1 = Ail** 4uL^> j| ^a <210 mg/1 = BOD 

17.5C = Uij^l a Ua Sjlja. 4^jJ 

:^ jUJI (jajull ^ 11 * a cjUlkLa 
2.2 MPN /lWOO dOmg/1 = 4lLa 4aL^, jIj* dO mg/1 = BOD 

lAaJUuall tlllAa. j 

Jl_?-a 1 12 x 25 x 15 ft 3 jJajll Sj aaJI jUJ JiU JajSll ^= 3Vr>n 

4iili«a ^^>" CLlSUaLaJ IgJC-UalujI 4000gpm dll^i^ift 5 '6 ft (Jj* u&3l 

- in. 4<Y<\) ^jLuJas JLjc- 
12 ft x 40 ft cP^ j lUjIS <StjJ 

7.5 ft Ufria J£ ^ filial] ^U. JjaC c65 ft <jL£1 ~ AjIJ llsLSjJ* 
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14 ft la^La J£ ^ ela-all JjaC c90 ft jJaSJ (jljjl - CjITjja 

djU-olaall CjMj t^Ull 80ftx40ftxl9ft i*jL Ajjlaj - ^1 jj 

c tMLSS 400 mg/l,jlij 1 18 ft Jj-ac (J Jc- 4-aclj]| 

Ifcia JSJ 3000 gpm SaJ i ab Cjla-Jaxi 6 _ JJ>£ ojlcj ^tj^a <iaa^a 

15 hp cscfm 56,000 ^ cjUib ^ j - CaUJU 

4 laiLa AjL^a jI j-a %4.5 iAjL^all jlj-all (ilLoiol %96 _ UJ"^"'"' 

(CjUexJ u^j 12 ft j <40 ft j^a - J :1k ^1 jaV ^Ia 

20 ft J w .y^i 

^ a^. <<_jlal&a-JI Cuau 12 ft j t40 ft jiaS - 4ajlj 4kjx ^jl jAV ^oiaU 

CjUlc J jjS 10 ft J w nn\l 

Aiiu^ JjiJjj tj» jJU <c.Ljj 20 'l^-la cJ^ 300gpm ^cUaLoiU jUjulj — ±x£\ 

^JaS ^ 1 CU* ^ 16 < 420 ft iaJ J oUa. 
T CjX-fl j 6 t^ia ^Uu^i 1 tjslo. ^ 16 '420 ft <J jVl sUaJI 

.iaJ j £ ja~a j .1x1 j Ja-^o -90° ^laa £• j£ 18 (ijUau! 

T O^J — 6 — ^ f^ 1 — ^ 1 f^^ 1 6 ' 860 ft ajjjIj <jj>« 

a^I j ^ j=-aj .i^l j cJ 3 "^ 90 es-^U* ^.-^ ^ ti— jUjou! 

j_jj^u T Cj^ ^ j 8 c,^aa ^ 1 t jLo 12 t520 ft ViVu sLa. 

■a»J j £ j^lj Jio. .90° ^Lja ^ j£ 22 (ijUoul 

j J^ftJ T Cll^Li^a j 6 C£-laa ^aUu^a 1 oLjj ^L«jL^a 4 4 1200 ft ■*uajjSafra aLa^. 

.laJ j £ ja^a j JaJj J^-la .90° £ 16 it-jUoul 

:<j-aj]l ^ 4a.j.la]l sAa> jJ! AaLaC 
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<£A jjO}$JI Al j BOD —II <> (Jtoo tAV>uiU\l eLaJI <J^ (_> 

I^pL Lai oLa^JI ' . '"f^ 

(j ajj tJal ajj t4_Jj<T>\l J^a. tAjjl j*!>UI djLajJalfrll ^j-a 



12 JusiS 

U^J ' ^ j Ub^'^ j ^J4j 

A j ;t_ajju<all slj-a <aJl*-a 4_Lxa-a jjJ i—fijj^all aLw <uJaj| Laj«aC. ^mSn 

("it 2aa *\ j tdlLaaallj t jjjLvaII t_Ujlj| 4 S J uj j-a Igjjaljj La £-a jjjLa^a]| oLuj £-<^?- 

^Uaill JjiJull j 4jaJU-a]| *l jj CjUlkla Cja.jJ JaJ .^jU-a]| oUa £3j 

(National Pollutants Discharge CjLYaLJI ^jL j ^l-VM L ^=j^ 

LJ Ac (j-ajj J jjjl jail ^c-ajou Elimination System, NPDES) 

(.Lai) <JC.jj i— ll jD-nm djlaalj-all jxjJaJJ .(JLa*SujVI Sjlcj jl tijlL) (j-aoi-jjll 
L_Sj^)]a j^JJ .4jLu^a3l j Jjiaiall CllUlialaj 4 (Capacity) <c\ W'unVI J jj3 j jlaU 
i-jLl*,*ul (J^ajli JJ^J J (j ajSAJ (^gic- Jj jl •> alt oLi-a ^ fllV'V Aasl jjal\ 

.l_lLu*ul (J^ajli Cilia. Ale- 4laUJI ^^j] ^jlcj 'JJjW^' 

i_ij*-all jjjU-a] ^jLu-jl o^li 75000 j 23000 jjj EPA jiS j 

^Jaljjillj J jl AaJI j jLpVl <LaJU-a]l jjC. <_a^£all ola-a Cjjljj .Ljjiui ^a-nall 
Jjjljlall ^ £-a2UJ (jl 1 » r-ijl l_Sjj»<a]l oljl-a] (j^-aJ La£ AjjLa LaLaia.lj 

a^&LowJ Lalki EPA Region IV pjlSJ Jjla JS3 .<jJaiLLa]| (jlaLwall j V-^J^ 
Jaiaiall j sjbVI (jj .<=JU-all j ^-aaJI Jj.iau ^ CjUuaII 

t (Management, Operation, and Maintenance Program, MOM)) AiLu^J! j 
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t-jUuijl (>ajls JjSj j-a J!>t£ll L^^aa (MOM) [i^Ua Cjj^ia Jal 

LaJ t pistil £Sill CjLuiLa OJ^j JaLwl Ail^ Jc- t^lfi (J^J (3^4 lsJ^* 6 ^ 
(JjJaa! Lai iklml <LaUJI £_£jLiaJI jAjJaJJ .eLvall 4 -r> V> it j t<LaJlai all dlLuila tSili 

(JjV uilll lajJaaOj <4c.l LlmVlj t_flj_jJa3l jj^Sjj tojI-iVI ( " ll > n jLa^ j i—jJLuiV 
t^Jaall jl CjI^xaII Jh/unl jl iJjAUll e.ilcjj c^X-aVI J jla. -^-^JJ tAjLu^allj 

djLLuiuVi j to jj^l CjLiLuJ) CjLa jIxaII £-aa. Jc. S jbyl CjLuojIaa jSjj 

<a.iaj) Jjlaull Cjl^jua] ^ja v all ^OaoJVI j ja. jaII (jal jaJI £a 4^UaluiVI 
Aj^ala. t jj jl 7. <\\l jJall jA .iaj (jajljaU (JIjja'VI J t (Ajj jjailajl ^-al^)jll 

S.ta"V!j t^Uaill <\ > ^>"i ^3 LiLaiVI CllljjJaj < ■ 1U3JJ ja nill j Cj Jjjll J (jjA^ll 
IjJ^flj 4jLu^allj (Jjir. uo]l <\ \ <Vi (j a > tab .4£.UalujVI a-^Ljj I " )1 jil jlml j tjlajl 
4 4jLu^allj t JjV j^fl Cllljjjij JJC. <C-1 W'bnVI J£LLa £A JaUj]| AjSJa] 

(JLaC.1 ^-i "l-ia. — (J£" ^ ^ > aJ La L-J^oLjjI (jl . (Jl . *iV I j tjluiVllI j 

t (j iajfljj jjja-oll t_iLaUJ jl Sjlc jh'Vn tJUil JjJja 4jLu^all jl £^jl jlall 

4jl n .li-lajj <JfubaH 4 iS uifl\l Jj^aaj ^jjJall (_Jj3 tClil^juaJI ^JJoauj (jl jl 
£aJ joj La^ajj cVLxS Lulij <il.}| Aajli jll AjLu^all j-ajJaS .<lmll<JI 4-\\ ua^l 
^Jjj jps tJjAfcj! SjlcJ ^jJI <=>.UJLi ^LaioVI .^ilnTu (jiiLujl ti Jc <cLlalujVI 

^>j«i ^>MI <C.l laluil ^)jSI <cUaiail <a.LaJlj 4Llll^3ua]l jl sLoOaII ^-Ja j 

jl jS3 JudJ .4aAikjjll CjUlkLaJI J& Jal jaJI j CjULaxll SjJS j t J jtf! 

jJjL>-aJI 4jLu^> i_d]aJJ .<5Uo 4JU. J^aa jl 

CllUaC. (_5^lj t^^7>^l <-aJaj| J <a laJ > n L^ia.!iLaj Lpl kJaa <\; A^alc 4ijsua 
I—jLujuVI j 4^al^)llj c^jjj^all 0L1* CjLlUjaijl i " I JisJ . jjiLtll Jj^aall 
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(JlAjuS t— SjUajJ AlLLLall j A )\ jaJ <\\l Aj > nl * nV I djLa jLcaII Q^ajC ^sj La£ . (_J^I .ill 
.jjic- l£-^LJI Jj^aill J Cjj^axJI LjjJaaiAj L^isuj 3 s\"l-s all Cjl.ia»jll 

tcjjj-all aLw <Lalajl AcllaLail J <La!iLJI jj^alifc <LuVI dll jaall (jialiLai j 
. jjjL>a!I oLw £-<^?- ^ aiajl Jc- Jj^iall £-a IfrljUjua j Ifrltf uSj tLpjl.il j 

(J j^aJ) aUa A^Jbuo 4eUaU 1-12 

j iAy\\y<\\\ aIja*. j i—jIojouI Jc lj jj3 NPDES (J^l-^l JJ £jJaJ 
jlxj jl Jj tl&jjlaJ ^3jJ JUlLj sUlLall JaLiu J^lU.'i 4I& jjLaJj j-a La jaC 

Jj Upaajj j-aVI < . \\ W'n j .UpaUa o-^Ljl 1 gj» . n jj J\ lg-ajj£j ojIc-Ij l^qj'u^i'i 

6-llc i_flLjaJ jl jjJ t(jaiiJI AJC jil IaI^S dlLdiala ^LLIujV <aJU-a A La a 

.^JUJI J aJjVI IfrjSUa Jj 0.11.1a. A^JU-a CllULaC 

(J-La J& Lluij EPA L_uLa jl 4jV jll Ajulall ijhTilt <H£ j jaJj 

Jcl jlj£j J^xaj jl tLjjloi 4jjlill aJIjaII jLvjj jLajJa jjjl jSILj JjilVI 

. jul jail A T n <\ a 4 Saa all j£j jj <4 Saa ail J 

tdJij dl^lauoi tiLia j tAjjj-^. <\ll (_^ja^a]lj tjLjJC-Vlj t( ■ iLuajVI CAj iAj§ jl 
Lai . i_i£ja1I (_^uLja]l |»Uaj jx 1 jaa>jl3 i . iUjouVI (_>jjLj3 ^ jij .4_uujj djljLue-1 ^J>> 
lilljj (—iLuidVl (j!la-a i - \\ m-N j ^alatll (JjLa cAjxii-a aLl3 (_L>I j-a c-l ja.VI 

jjLa (juLjall jj^J <_s^J • jjj"il*irt\l ^gjLull JaJaa ^11 jl 4j^U»a]| (JJfLj joc. 
(—iLuuj^l j^ %10 ± j-**- 3 Jj-> > inll (jjjLLaJ AialjlaJI o^ljill jjSj jl ^^JtfL 
( _ 5 Jc <loJI J is^a Ajl u lIx^j^xji Q^ajxl y in jl (^jJtJij lilli Jj AiLjaj .(_) jnn aJI 
(5 _ 9 ojSa) CJjSjjll j jLiicVI dlUljaJ Q^jxluH .oUall ejjLt-a j-a ( - (JaVI 
tdlLuaJI ^Sl j-a Ol^Jj t jLuc!>U JjLJI jlj^olL ^La]l j t JUlLaVI j-a (jSaJjlj 

Jc jojjA^i Ijjj£j jl jgjj;-^ <\ll j j\ a lxl l Jc ^ir j'n .AjUiillaJI dll iaLua^l j 
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tNPDES (J^Jj ^ ^jjUaJI AjLkjII CjUI ja.VI J jaJI K" U '-^ J^j 
.4jjaaJ <j3I jaJI j (4-aLJI jl jaII j <4j\;Vqi\l tllV^alall Cjljbua.1 lilli ,J LaJ 
t Jjt, *nllj tAj^UJI (JsIjaII X-aLa ULu jj «jjjISj]I jl-ac-jj Cl^UuoJI liLow j <\ ■ aJJ 

JUiLaVI aJIjaIj .jjjI&II i^cjj tjjLUSI cj^iaujj cJa«JI ilAiDIc j cAiLu^J! j 

4ib (j-a (jjjjajl] ijlVlMI A^Sj (JjS (j-a tlllijxJI qa Ajj^aiLa frljaj 'U^'j^ 

A a\l J.n^ a CllljlijaJ 

(JUlLa^/l (_£.la Jjiiaall jA 4 XajJajgH LllLi^aull (j-a (jjjj^l! t < ^ \l (jj 

CjV >aaJ1 ^ ^uoujjil djLaUuAVli ttSlSjl Ajal^all NPDES g^li jjJ 

jjall j 4^ jlajl (jajjll L_ajj^ elj-a 4_}C.jj j t4 jaa >yr\\ j 4j£JjjJa^JI 

sja.j JS 4_iLaC. jbuaj A^JUtA <Ixa-a jj-uaj I ■ lllaJJ .iiLaaJI ^ A \\ , all jl j-al] h j\ i n\l 
a jUaj 4jLa*JI jlajj AijauaJj Ju^qMlj 1 $ Lw *n AjJjJ lilljj 

jglaJ Cjja_s 4_}La*JI Salaam jUiVI ^j-uajl jVi o jJaaJ j .^UJI AaJU-aJI 

<Uj-aa.j i—jLujuI L-ijjlaj *.li£U A-^\\r o\l dsljjjij jJjJJ ^^jcjujj .^jUJI Joioiall 
AaliLJI CjLuUall ^ <=JUa1I Cj|ja.j ijj jjjaj AjjO a jJaaJ j .jJJjlc jj& 

jl C-ljaJ t*^" ^ L^J^ uW^^ JaUj ^laljl (^gJtJij La£ .^Lat > .-Till ^JJ^JJ 

(JjAjS Clll jjua jl J _oj^s j jilla j3 jjj ^aJ jU .4j£j-a AjjC Jj£ <U!L<us dlLUjaijl 
elL^Laaj ^Jjc ( _ ? *fj : J iA La jpuia CLiULujuVI Ail^l i—jIojouVI 

j»Lj3 uji j IjaaJj .Igjjuit (_ 5 -l c - S^a.j AjLaC <J£ (J3*^ ^Lajojl] AjjLijjS 

ijjLx j£J! j t jjA j) cCOD JjI^j S^Oa-a CjULaC j Aj^ala. CjLjjIjJ ^^iaj 
i jliJI cy^J J 'Sjllkll (j^Laa-VI j (dujj^ll j t^jaa. jj^ill <_>a 4 alia a JlSJol j 
• TOC jl tAijiall jjU-all j t^jjaJI jjajaiaVI jj^al . j tSLaaJI ^f^JJ Aajl£-alj 

^AUallj c^Jajila oLaa. 4jaa-a 4^JIxa1I 4jLa*l ^Lull KIt'i ^11 ^JJSJ 
jjj (jaJa]! 4jSIja t_jUaJJ .4jaa-all ^jjiil ^^Vl "^aJI jliia-l J^^JJ tl-12 J^l 
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(_Pa*j j^aj j .pHj tSS J tBOD —11 Luiijj I jLuiJ £ jUJI J J^WI 
tjjijaijall j 4jjl£ll LS iiLa j t4jjl^)JI diLu jl jail ^jail c^alj^ll 

<ixawa J j-la. JJ*J ^^jll jlj-all (j-aj .<Laill (jjU-all Jj^jj iLuj^S/l <jj^- JJJJ J 
JajII j tetaaJI eUa £ jjj tjjiJlill t_S.lgJ 31i.l.ill AijLall AjjLuuill j| jaJI c^UJU-all 
t^a-Lijll Ig-i LaJ tJJjiill oicj CjUWsV j] -^J^H <a.jUJI ata^JI j 
l ; llLiij j <U ja^JI j l_iUjuuV1 ^gi 6jJJ*»a dll jjjIj t <_a ^)j-£all elxa j t^giUall jaJlj 

.a j <\"inifl 4j3l^a 




9 j jaIaII LjUi o xii <>aai 

4_jLaC J£ (j^ t (1) : ls jLj Lai La^i oJjila oO=>.j dlLLaC ' . lllaSj 

(3) (Jji .n"H 4_u^llall CLiUI J^VI (2) tJUJU-^ 1 (>LJI kkkJI ^9 LpiJa jj S^j 

(jl <_LaJ jlall ^ _ax^aall j LrsJI ^jall lfc}3 LaJ c^j jjlall <alS Cjao £3 
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j3 4jj\jjja JUa&l Sj^ jll t_J>Jj t Jjir nnll 4iijUI 

. j_^a^o (J jir , uS (j JJ J J^j 
—11 j BOD _J c^jVI Jill ^ l-LAj* jo.hn 

J jJI (> J ^jauaball fllaaJI c^r jUJI (jSJoll ^ SS 

jj^i Jalila.Vl * ^juoH 4jjAi.j tt . iLluij VI (J^ajli JjJt-a (_lL (j£-<U .AjL <-ill 

aJjasJI £jJa j jl^JaV ; -»j > ad3l dlV ja^Laj ^jill sjA AjjlLaj 4i_fijj-*»JI sLwa i—jUjouI 
<ll jU 4jaJJj-a La USlc. jtfl LJJjuijjjI o«.li& jl <> fC-jifJ .CjbljiJI ^ 

I4J ^jj^.noti sUaJI 5aL^ll jl j-JI ^ V s J VJ 'SS -Jj BOD _JI 
(jl ji. sLaaJ] ^^gOjoJI jo^joll (jl (j^Aj .(j^a^a «.IjV (jjiLjLaS Ujjaiflj <LaaVI 

JULall Jjlfui (^"^ •^4J Jal Jj»-'*'*i i — ! ^' J >T k j J 4 j^jljj.laA <U_jAa. (j& Laj K JJi n JJ 
1 ■ la nn Ajlle- ^cjJa d)Vj*-a lil jail 4i}3j sIasJI j-a 4 j <\-^> -s 4_fa£ 

.■AjjujjlaJI oIasJI AilL Jjj3 j-a #.Lall 
4,1 j > >it \\ ojLall 4JI jj jj^i J£ j_>jjLuil j^jic- 4j^ajla]| 4jjaaJI 4jjgj]| jliii.1 j»JJ 
Jjjj 4jJ$J^ — (JJ JJ-^ ^jUaj ,j 4. t__fijx<all oLaa. (J^jl > aa j 

AjL^II j| j£jj jLu&l aj jj cdJjj tSS —51 j BOD -J aJI jl cjl jUcI 

j»a J£ u .(_£ JJ^JI jj£j1I (jj-^Ti jjj J&Lvj ( . La^i ti—ajj^all a Las. 

jaj jj3 jjj aLaaJI £ ji=J t^-Luilall SLaaJI JJjJj SjIcJ Jj*-aj ts-lj^JU jl^aVI 
Oj^j tj^^iJ •'LjaL-^a i-jj^ oLw (jajj ^jjc AjaaLauJI ^-a 4j^a-a ^j^j^a sLaa. 
4i_j|i!all jj7> i n^SU 4 sVi-s « CliLjlowj Jjir. null cDLi. ^ ^^jjAill s-bVl 

CliLj^jJac.- p,llc. 4_u«j j j jaA\ J jia-aJ! ^ aIIxaII A A i all j| jaU jjSI jj j 

<-_a jjjj ^-a 7. ^ 

(j^ajli JjlS ^na Jja,jj (fr^^Jyoi JSjjij J-a*J Clll ja. j ( ■ Ihn'n jl (j^Ajj 

■<alla-a Clilcjao JjlSJI ^Sj'm (_^Lj3 (jSaij .4jaiLall 4jjLall (_g jl <\\l Jasj 
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oLia t " \\ nr. <\\\ j^jaJL IgjjjlLaj A <\ (_i1j.i,iuI i__aj^la ^j^l 

LJji W^j^ 5 3^ *J 3^ ^asj . jjK]I \$ niq'i jjjLajll ejus! ' " < ^ill l_sjj^3I 

(_^aj^. ^ Unil'm (_jjjL<jj (j-aj ^ c^j^>j^aJI aLi-a ^ Jjl^t Jjia-aJ Uujjj 

.s^jl j ClAc^a. jl ( . b ill La JJC- ^j£*J Cllj-la. ^LaJ LJlc. <Lljj^jJa 

AuLwall jl _a-all JJ^JJ ^jlc «.LiJ t<Ulsj3! (j^La Jjauaij ^^Ic. ^JJj 

>■ J^l C>J .^L5 jl' *l^> cs^J 4jao*]l aUaJI 
jI_&a3I 4j_a-a^j t'USj] jjJj^JI 4J_iasJI (j>aj-iaij ^Isjil ^1 jaJb (jj^T^ll CjV jaJLa jli 

jj^Jjll jl ^jJa!_all (j-a J .%95 ojlc- jjLaJJ jllLa-a jsj ^gjfr 4_iL^a]l j| jaII tilLai^lj 
AjLalt i jaJI Jj^ai L_a^j <aii^> ^Cji. t-jl^Lj J=J.JI (jLfill ^ i jaU ^LsJI 

QlijJ <Aafr ,-i JJjd ajJ^lf-a (^jJsJ! 4j_ag-JI ^Uaj (J- W .i ^ U (jli liUjll j .<aLt-aJI 
^IS (jx oJjaJlj tjjjjjll ojlfrj Jak (j-a A LjuiLall oLa^JI (J^ajli <— SJjj-*aJ ojlfr ^JJj 
^j-a jjSI jJj^q]! jla-a t_lLl».iuVI jl£ jli .Ajjgjll (_pa js. <_s-lj (^l^' lSJJ -4 ^ 

Jjjl L-lLbou! <la ^Jil J-aVl tAjjlaJI <2jj-all i-i^j^all aLi-a ^tjJa ^)Jfr <1uij1a1I 

^1^31 C^k^ll 

ojbjjj JJjJjll sjlcj ^uia jpl J^VI ( i.^jjl lillij 4 l-i >Vu oLaaJ (J^^ jjV'T'lN 
JJ^SJ ^JJ .oJjj-aJI L_a^L^l! SLa^j Jj^ail L_lLljaij^l AjL^alt jI_ia3I ^jlia-a 

(j-a (JS 4jil^)-a ^ L« uall -<-s,"i\I j ^ . j i . |ja ...^11 ^iUall ^ j^JI i^JJ^jJj 

2 A. alt jl _4a11j Ua-^V< j>ajj fll oaJlj 

cAjjLiaiSJI 4£.jaJI j tjjioiall j>ajj aJojj^ Aj^L^ajal diljlilcl 1 ^ La > ?->"^ l^aj 
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^ ^".'"'J" ^La^aJlubaH AjjLuu^II .jIjaJI 4_ia£ jj^ LS^j ^J^J *^ aa "^ ^jJaj 
Jc. ftUj l^ia ^gj^ajUl £■ jjJI J"^ tat aaJb Ajisull J 4aLoll j| jaII jj^JJJ 

frl^VI j»JJaj Ullc. <— iSjJJ ."alAaJI jjajj J ^jj^l aliA 4aJlxx S.ia.j] JjjLiJI Jjrnnll 
jl jaII lilLuJ Sft US jc jlaill (j^ij a£*£11 4jL^all i jaII j oL^JI ^ulj J& 
Aailaua jj .i—lic-VI J In. ■ lgjlilc.1 jjfLs jJ! j t^aLSjjJI <JC- jj jl <jL^a3l 
.A ka ajjSjj JaILs ft ja. AaL^JI jaII 

4 La J 4jIoj Jj (-iLu^j^l Jjju jll CjI ka J 4il£ Jji, *n Jj jki jl t_iaj 

jA!>UI j jgJI CjLuJalgJI jA ^giUaH ft jaj SLaaJI 4 -> Sla a Owj jS j . jiaj 
t^jjaall ( " \\ lag <i jA JijaJI t . AjjuuVI j tAjliall CliliaoA jA t . iLlouVI j_^ajlij 
jfLaJ .JaijJa]l <■* \\-\ uj ja jl jaJI CjliaUA ja 4^.1 ui Jl j tdlliAj]! jA 'a jlSJIj 
<a&U1I 4jL*a]| Jl jaII jJjJj fiicb AjJajlill 4Hxa1I AjLall i _ja1! fiJ jC uimTl (jl 
AoIaC. J «Ual£ jjc. AijfLs AjjUajS ja ( " IflJ . a) 131 !!}liiAa .AaJUtAjl 4jaa^a jAjJa 

(jailll Jl Ua«jj ajiL^II jI jaS! (jA 'ojjjS 4ja$ AaLSjII Ja^j .aSa ^IaII ^jj 
J Lj^j* <aL^]| i^l jjS I jkij AUs J J! JaJJ 

.4jjjaJI 4jj£j3l J 1$£LuiaI ajJ J jVI i— UjoijjII jjc jaj Igjli tAjjjc. bjjj^ij 
.(^jaj 'ajA ftLa]| ^j^J (jj^'l"^ ^JajuHall i_ajj^all alAa. Jj lilli ^xj jA jlju 
.A ah'iVl <_ll jixJal j Jul j Ji^i Jj 4aLall j| _ja3I JJjJj "ft^lcj J jii jl j^AJ 

(J^la. jAj AjIjVI SLaaJI t JjiaJj J a ja (JjV lAJ ja. j Jaa.j] LojaC j^l 
,4jjjaJI AJjgjJI J Jjijlali jjauaiSVl 

.4j1ax3I CliLLujijl J 4aL^all jIjaII (JjoUs tftLall o^a.j aJojoiI jj 

■ AauJalj A^uVI Cj\£>1*JI 1^j9 jjS ^Jaljlal <aJUtA a^a. j t 2-12 J 
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jj jj jl 

M S = M F +M C (1-12) 

ata^JI 4jL^1I jaII = M S Hxs. 

: (JjK <\\\ t . iIjjou I j jl jjj 
Gs = Gf+Gc (2-12) 

4£*£]| (-jUouI = Q c 

CjULjuuV! J£J 4JC jjll AjISall jl (>aljjal jfLaJ i jx£, Uai. JLki jj.J j-a j 

^jLuj .1.0 







^4^.Ljj^ (J> aila ^La 












Qs, Ss,M s 
















Qc, Sc, M c 



jaSjj S Jau Q (4-12 ^ 1-12 SUa. iaJU* S-^jJ v lakU 2-12 JS^ 

■jlj-all jj-a %10 AajjoU La LJj^a alj-a oLa^. (_£ _aaj t(Jl!La]| (Jj^" LS^*^) 

qa j (LujSJ 1.02 AjC-jj ^JjjU> <— lli AjL^all AjjjJaxJI 

M = S x Q (3-12) 
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.v/5 S c (S s -Sr) 
U-M iljj aJIJ *> = — = L 5 (4-12) 

aA^A\ = S t!j±v 

.4jaaa CjLaS ^gjj 4aUJI (JaJI 4 \g ■ .1 4Jj\jca]I oJIAj 

^mi <j>V"') 'S^-'^j ^ ^ ^ J* UJ-^J m S 4-iL^aH l\ jj£ JJ J 

ql ,1c. jjd j&> jji-Vt t^^uijjll (J^-s jjc- ^if") SS j1 (j^fi^ 

(JjIS JaI t^^ala^j t— jul ^joija JJC AjjaiLii 4jjjaa dlLuij <iajjjj SS jlfi^ 
(ja LaUJj Ujs. 4 <jli!a]l 4jJLall jl _jyaJI (JjSj j3 j 2 aa-^ A\ d)lii*-<JI ^ Jjiaall 

_U j^iJI j\£ Jill ^ULi jJI jl ^lUI *>S J <A^\ 

qa ^SJ^aII (_g jqa <\\l elslj ^jjj^all LliLLiuajl (J^oaS t— Ufa ^>\l jA 4jl jjc. .SS 
djliwJ SS <_yt=>J j^jj 4iii]jjj .^jjuLaJI ^cJ^jjII 4iaJ jj 4J3jj 4j1*o]| jl ^all 
jl j^aj) jj^JJ ^J^ 3 J^ ^ a 44_jlfUI 4aL^all jl _ja!I Cjljliiii A l-iml tal ^"sll 

<_£ j-'^ - jV J±£ Uai. dj jjaj p.1 js^\ I jA (jimlj V j .sjjLJI 4jI jaJI 4jLaII 
.aLaJ Cjlijc jji 4jKJI AaL^ll i jaII jA %5 ci-^ V 4aJ;ja]I 4aL^JI j| jaII 
■ AjjluiaJt Aa^jll ojA JUri.nl 1-12 JfLill jg hjj 

l!£Wmi]| liiuuJ 

4 4,j . ill > nl iLa 4_iaAA 4jl j . r-i j Jjr i'i'n jl_jial AilSJ 4jjjSjj aIaIS dl^ . n"i (jj 

^jj 4i— iUjouVI Cli^ i in j A*joi ja Clil jLli.V A;1ajj l1xX^xj> ^(Ja ^jj Ia Ullc. j 

(jl 4 -i^=JI ^ J ' iaj 4a ja ^j^A (j j J (_ja |» jL^a dll jlili.1 ^tAlj^)J (jl . A Jaa l«J i n jj 
jA (JUei jlfii.1 j (jljJC.1 ^c-alj^J ^jSn (jj .Aoa 4 '< 1g \l (jjiaj Vj 4 If. jjuj ^>aVI Jjj 
CLiV_jaaJI i— ll uiaJ A*aaa]| CliljLull <Ja*Jjou jl j^AJ .o j <\"b n<\l l I " )\ ajjailll ^.1 
^Ljjl (JSLaaII (^ialla JjOsalj o^A, j]l dlULaC ^^Jc AjjjJaxll j AjSJjjJj^JI 
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(j-aj .(Ji.WI (-iLbujVlj jl ^LuaJjVlj j) li eLudlj Jaij^a (JasuJuJ 

^Sj jJi cjVUaV! J *U~kVl Jia^L c^uS! jU c^L^l JJao ajLc 

jlj-all £JJJ djULnll £»a^- ^ 4-aaaJI (jj^la]! (_J.iaJ <jj tAjj; - ^ n\\ (j^ajaJlJI c-l^y?-] 
jkJI J jk-aJI t> <SI jVI IjJ^J j t^aJU-all iljLLaC jj& 4_iLall 

dsLLafc j c$.Lall ^ jj CliUIaC. j i jj V'ViN a*.li£j toLaaJI ^- UIjIj 4il*La]| A «\\ 

Ajf. ji (jj La£ .^jla Jjs^-a ^"j^ <-]j-^*j (jc- (Jj^' 1 " 1 ^^ i>" *^ <a»3 lSJ^ 

1-12 Jti» 

jusui sUji ^ ^ Jj <^M 

lAjjia-J JJUall j^jtli La ^ j .Ask-all 4\\>^\\ -il jaII j£ JJ -ij-iaul 

200 gpm = aaAjll 4jjiu Ja*-a 

%3.5 J 35000 mg/1 = SajUII 4jiiu 4jL^1! jI ^aJ! 

280000 mg/1 J %28 = yi AjL^JI jI jj 

%0.125 J 1200 mg/1 = SJl£ jll ASkJI AoL^J! 

28 (3.5-0.12) 94.6 

a1\ -N\ SftliS = ■ -= = 97% 

J > 35 (28-0.12) 97.6 



jjja-oJI 4eUaU 2-12 

<_s jjj^/l jlaii J^Li. j-a JJJ? 1 -*^ <c\Wu ill ^Uu-ajll (_DLi ( " nn 

1 ; lUaJJ .jjjU>a1I ^ jj^taJI (J-aj^ M^J^ ^ffijoba i_L^aljC. dlLLuiul 1 ■ Uuij 
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.oJj^C L_lLbJ Jjla jL^a jJjL>-all 4 <\M <Ua.jlaJI oLudl ijaw-la jl 

tjj^ijl J jia^JI dlljjS jj^a-aJI i^jic LsLjaj ^Lutaj <— ibuoiVI si& (j <\ i adJ j 

JjLfcjjj 4<aJLua]l 4 laa <i Jjal^a aIja^-j cA-nsVI (jL^ajS t ■ umj La 

^JaLi-aj c4iai-a]| l_fijju<all aLta CLlLiLujojl AaJlx^al 4jiUja] ^jJlSjj c^cjJall llll Saa .n 
(J^LLa £cJl*J dul£ t^^jJaUJI ^ j ^jjj^a el-fa (j^ ^-»?-Ll 4_r*u^a 

("ll ^ jjLajJ o^&Luia jjjLa^a c^LfJ LJlc. (JaJ-iU t ■ AjjuuVI j ^LjJjVI 
j-a frlja-Vi I^A ,j£a Jal ,4-iaiajuJI 4_uLJ (CjU-all ^Jl L-ll.mnl 4jaJU-aJI 

^j<v> jLvi. 4jl I^Jj (j-ajll (j-a %95-90 t£A4 ( _ s ic. i—S^j^all oU-a 4 ■> 1U ^ 

^aVl t^JjLall CjU.jjIall e^A jLuaJ jgi * jJ L_S^SI Lai .JjJaSVI ^L-ajSVI 
.0 jjill CjIjjSI etlil ^ l_fl^all sUa CjLUudjl <=JU-a L-jlLjJ £5 ill 

ijj .4jtij^a 4a3jaJI aLuJI ' - ■ ^ * lg-}3 ^jJI tlilijVl ,j LujoU taij 

L-WS c^Ja^VI lJj^ S j£LJ CjVL^uVI j> CjLUuijVI 

a jjill t_jjj^> <La U. Jjk- L-ajj-al! aUa] ^sS^I (-jUaijVI LpL C-jUouVI 
(J^Li. sjj^l l_ iIojouI cIiLjiLs (jjj (jjiJI jA c^ja^l dsLalfLj .^^c-Lu^all j ^gl^-aJl 
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. t_±L jJI j ..«!■. tt ,J a j j ill dAj 


jjouI 4_aJl*-a] a^JLxaII (j^lj^ ^"j^ jl 






jJjLa-all iajlji. -1 






































I 


JJJ^ ^ all (Jl oiiujl 1 


lijLa JJC. i ■ ll jm'll j ^Lijjl 











4ja»ua jjjU- »Lm £4* ktlafi uil^uiWI j ^US jVI ijU jSj yi (>Jal«a ^UJI ill jk»J! (jjjj iakL* :3-12 Jii 
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jl dAaJia]! ^J±A AjjuiLoiI Jalij <— L j i .VilL ^ j&j LI La jjjlawall ^»Uaj ^ i nib 
.ojjill L_ajjL^aJ JJ^Sll i—jLijouVI lllljLuaJ iilli -i*J j-a j?-^ .^LjJall dsUaa-a 

,_jjjaJall (jx J^Li. Aj> nl. 1^11 djla jVl ^ i"il uAjSII el^pJ *jJJ Jb "' a l>*J 

1 Lua^Jj .^jLuJ J Cj^U. 4_i jaj ftUall t_J ^ala ^lijjl CjS jj L_sUJl 

-LjjgJI ^l j cAjjL jjall l_S Jjiall ^cjoiaJ AjliiaJI CliLjaull loij .AiajLa 

t Sui^i La Lllc-j .(_5jL>a1I I—UjUV (J J 1 <*i.lll (j<T>qll j AjujIj^II <ilala ^ AaJja 
(jS-aJj .^jLuill i_Jjjo»la jx t"il Vigil ^laill ^J7» <i; ^jjJaJJ V (JUaC-l j£ lillj 

4 1 <TN j-a jjc. L-Ll jl 1 ^>'l (j-aj 1 ftJ^ljxSI sLfa jjjla^a j<s 4jjJa^)C dl^L^aj ( i*^ 
a^Ua t— llau.ua jl (j^ai-Lia i (jL%J ^\ laJL nl ^)0C. 4 j-s i ^»ll jj jl 7. <\1L 4jia*La 
j^aH tXla. t"lh^ jl jA) j (J^l^il CjLUuuVI ijuiJ jl .*.La]l J] L-fiLjaJ 
t ■ iD-Tn ^3 t* . u 1 nil .a JJ^I t — SJjL-aJ 4(jj_9jaLa (JSLuUj Lllc- t aia-J c^Ljoall 

j o^A jjjla~a]l Ja ^sJaa. (J^aajj ^2) I jJaJ j .AjaL-ia] i—lUuiil CLlLuoLii 
i(_^aaAill jlilill ^l^JjaiL 4 (jaia^Lall i ■ iLluljVl j ^LujJjVI J ^' <n«\ IgiL ell^ii. 
sjila-a 4j-aS jl dsLoLlI qa JJJ^JI Aa. j jil .^jljiijl ( blaJJ ALbaU jl ^gjtjij (^ill J 
J3j . jj^awall j ("mil joj La 4jtal_jil AaoiLaJI jjjl <ill i— l^aj ^LiujVl j<a 
.t"ljlll l— l^L S^jlc LjJJ^La jl j-a ^C-jlL Ljll ^iLai^/ Jj-^ J 

^c-alj^jl ( " ll J 1 <-\ jjj tcllL^aall j-a ellLLiJ ^I'q-s II ^.ui<ill ^l^jll jJjilll (J^J 
JjaIj]I ojlc-l jjlij .^Kiixill Li 1 aJfll Lajjij lillj j^ ^aS/I j t jjj^-aJI JaAL aJlcl 
jAjJaJJ .AikUl 4j^.jLaJI oLaII ^»a (J-aLeaU AaJLuall (^l^a ^Jjoijj t ajJ Sjj 
jl iJUa&VI J L5J^' ^J^' C"^ 5 * "t^LVI Jhuml jjja-aJI ^X-a] 

Jj^aJj ( _ 5 J«jjj .1— ijjjVI jjlajdj jl tAiiiil*i<i ojLu ^jlaJI qa l^a!ilc.L dllauall ^/l^'i 
jgJaJ .ajjaJlj SjU aJ| ^jjjJall j* l£iUajl Aj^L ajjl JJ^VI J J> aSlVl AjjSjll 
j <\ 1 aJJ j .LjljAu o^lcj ( ■ la>J jjjL>a1I j»Uaj qa Aalala J^au Lajaij 4-12 ij^jill 
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elj^Jl Sail i >i J laJ . aU (jlfLaJI ^ji 4^.!>L^aj jJaJjll J^- 2 ) fJJ • L r 1 J^^' 

La^jc ajalU L-Jjju^I ^ laJL JJ .^Lall jl ^ji.LoJI c-lj^JI aJojJjJ 4^.!)L^aj ^jjj 

tjjSt 4-*^^ (J 3 -* (J 3 ^ (j' ajS^J Uj^^' uj •■ i Jr>-_ ttA ^ 

(j^ 4iJa 4jkjall ^^-^j ij}^^ 3 U < "^"' J '-r'Jf^ ^C-Ualjl (J Jc- llaal^a 

* jSaJJ aAjIS S jC-j jl 4 jjJj] ^ j-dl <j-a oLiaII a jlila c.^Ua jl C-kijJaJI ^Ic. dliajJ 
lillj j <L-uLaJI jJjLa^all J\nnnj jiajj oAc j .gJajuJI ^glc. ^.iV'uin ^/^"i ^1 j-a jl 

• %90 <^J 70 ajuouj J=>l^ t-jLu^Vlj ^Uiu j^U 




cJjaUI! 3ikia O*- 5 (5) -JJJ^ Ji*^ Sjl *V »J^W J^ J V J* 1 " »Jl*V ^> :4 "1 2 

..^ >j VJ#&lj o-ljil (j) . JjjJ HDPE jjja- ujjjij <| jVjS uj^ ^Jl jj-a 

jlaiij ;L.JaJJ ^iuLaJI jJjb-Jb HDPE J-sj pi .VCP jjja- >c 
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j* JjlxJ j' UJ-* Cy° ( — *^J^ CS"^ <La.aiJI Cll^Lk^a 4(_£jaJI L_£liJI £-a 4 1 > *3J <\ll 
(j-a j 4 judaic- VI oLw jJjLa-a £-a 4jjJaj*JI tlL/L-ajil j<s j tlA _aiLla jiujl ^JjJJ 
1 g 1 i aJ .oaia ^jJj jl ijaJI <L>La. ^gJI I J^ajj .4 > .rs jail JJC. <— SJjl > m"ilt llliL-a j 
djUja Oj^a] Sin. AijJa jU..ill jtiiil jli 4 jjj=~a]| ^Uj3 jja 4iUJI j\lallaiLi 
qa jjjau Jaa. £-a *l j^JI j« JJJ^ . jiajljiill jJj 

jj£U-a aUuLl jU..j]l 4-llluijlj • jLaO — <^J* ^ ^ ^ aul ' ^ J 
^Jj l^la H > 4^j3 4j j ^^j^ jj jl <\ll t_ujljl jLi..iJI £jjj 4#.Lall < . iIauuV 
jjikj Cja jJI .(jlajVl sJj^._&a1I (jjLiill jl L-Sj^all Jaa. JJC. ^ l-i > nil 

JJC. 4jjfL (jli.^11 JJAJJ .CjjJjll jjjoilj-aj tClljjjll CLi%^a j j 4jJjL>-a]| jLi-ill 
^ « ' ■ ""' j^a ^C-jllj 4ai£/U "ULaJ-jll $.1 j^/l (j' j^ - *^ L3f^* ^ J i ^ JJ> 

Jaa. ^IlLal ^^ic <JJjVl jilala J^J jl <j*fy jLvjll jlfii.1 (J^J .J^ijj (jj> <aj 
4cUj jLkJ j^ -^J^V' *J4^ lP^' J *"Wt Jjlajl 44j JJjU-all 

J 4Jaaj .jjAsj jiljjl ^gi ^UjII (jii.WI j=JI iSMi j' J a j iC -ljai ls^J j' ls*^ 
jA jLaJI jjij^a <-j jjjV c^'^' ej*^ uV'^l 4jLjI=> j) • jL=*-j5l 

LS lc AjjiLa jjJjS ljJ-«l^ < . i aJ jJjLa^JI Jaa. ( '<jhV' -J*J2 .AilaLa ojlj jjjjilj 
^aujJ .<-a^iJI 4 'l-sl uj ^ (JjaLaLa 6 jaious ojjj^a du ^»JJJ t_l jjjVI JJC j 

jJajC s^lcj jfLaJj t(_^jjjjll t «ir i >y\\ ^il j-a Jj^vjj (_^jj-£aj j^xajiJ Ajjadll o^A 
.^jIj i iuS 4j Jalala.VI ^»JJj (3^-^ (j^r^sl jJ^Jfiil -^JJ- 1 -" 
La£ j .^Jjjiljll (jjjjaill Cjl^a-a] ^oUJjll 9.\ jsSl \l>}~±~ 5-12 (JSjiSi J^ki 

i—u^jj ^jjj c^^jall (j-a t—ijaJU Vi^l Mill i-aaj t(i_i j 15-12) JlSJiVl ^ ^cliaj-a jA 
tjja. ^Jl IjjaI^I -Ij^jj ti-jlojouVI ^Wql (—iljjauVI ^ic! Aail j]| 4 aaall ^ SjIau 

l^jtS^a (_j5| jjj 4 t_i juiKILj IgJ a^jIU 4 Wl t all Jj^.j-a]l I jj-al£ll (JioLa 

Uuj ^LSlaball ^-!)L^a^U <_JjjjVI JJ-^ S^uij Ja-aj JJJ jjj JioLall ^jil La Ullc-j 
ajAUall Ijxalill jj .^X^aVI CjLjljl J jiau ^ 4j^j 4 j jJall JoajI j jaU 
( ajSjdl Ig jl Uj«ij j^y ' - 'J^ ■' ^?>C cs^- ^-^J* ( J J ^5-12) JSjill ^ 
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(_^a*J Jjj^J .C- aj^Jall JJ*Jj l*JJ liUij <C^>jaill 4jlc. jljjail j ol jA\ j 

e_uA=J (_a5-12) lM .cjUj^j CjI Jj^ ti£U& j> c^lj jaJI 




I j LiU j JLi. £^ CCTV f—j (I) • JiJ**U tSJ 3 ^ =5-12 Jl^ll 

n-u-UlJ 5 jj^> (_») .jajJI (jj! j <JaU Ja iul. £uUw ^ I j^IS (j) j (j) .1 j^lill Sjja^I diUjU j 




t-i'jjoulb jjjU^II dLuIj t_i jajVI J J j^JL ajjoII 6-12) Jiil! J SjaLLII 
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(^6-12) ajji J(S h"'J .o.i!Aui ^ S uj *\ 4<Jj!illj ^llajj i_ljijVi jW^J 
tjj-iajl (Jjjjuj jl 7» <\ll jl^joul ^1 (_£-ijJ ^3 ^g-i-a *J^^ ^J_JA^. (_J£jJuJj ^j^. ."Ml 

jIjaII a£ jUuIL i.nnnij t_jU^VI c(j 6-12) Wall iiM 




(') M (E) ( J ) 



.<Uaill Jjli <UiUa JJjU-a ljUulSI (I) .<UaU jjja-a sJlOuij jJjU-a ^Uai ljUuuI (jiMJ S jj^a :6-12 <Ji*i 
J_Jc (Iilj_ai y — 2 j! (_ij_JuSfl JjjLiJl jjC jjjUjJI iai <Uali jji* (j) .jjjauill <>s^ ^-t i ^ i ti 

As. jA^a Q t\ v W'\ . > .-ill l_fijj-a31 eLua tllLaJti. c-Ul ^jjUjll 4 q ■ ^»JJ-uJ 

Aj&^jil ^jal jjj c<Lu jjlS 1^ _J^J 
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t jxl\ aLw jjjLa^a (jc l^Jj^a3j 4_tau^aJI jjjl 7. p\\ * A\ al ^"imVI (jj 
^oojoU V J .<J=>^ (-jUj-uVI <J-a£ JllaVlj 4-aUll 4^.^11 Ajlaa. J JoLJ jJ 
LS^J * T* ^ tljLaJii dsja jj (jl > <-i Cllljl j\a_J Vj (jhj^>l^a l_j\jlj\i. .Jj2>jJ 

jj jl 7. e-\lxi JjlsiJJ JJ '"^ rtjlVn £_Jajj c<Lal*JI jjjLa^aJI j3jJ ^»JC Jla. 

AjaJajoiIl oUal! t-Jjlj flG JuuJal lilij j 4_iljiall ^WalaJ A-JajVl 4JI j* j tljJjc j 
•^ti.jj 1 . lAJj t^^a 1 £-aaJI aUaj (j-«s AjjiaJI jjc- sUaI! jI*jjjoiI I . laJ .4jijaJI j 
IjfLa-a lilli ^1 ^gjcniaJI t— Lji .-Till £ J^-a Jj jl l— Sj-al olj-a jJjlawa 

L-SJjL^ij lilljA j tAja 1 jJjLa^all Jl L- kljl > <aj]l (_HaAJ (J-^j V 

J l^jjj^aj (jS-aJj .IgjaJaJ JjjS jJ>i^J JJC 4jU*J l^Jjilj-a Jul) C^J^I 

4.C.1 LiLaiVI t . >n j| ja (2) t jIajLVI jl-i-O 1 JbnTl (j! ^-^J^- 4 - 3 ^ (1) 

Jc jl 4<_fijj^aJI aUaj Jc j CjjjjUll Jc J^aaJ t ■ IfmJJ dsljjla (3) . <UfLJ j j-JJgJI 
4jaa-a jjc. jaj j]| j <La jlLall j a \n*\l i— SJjL^ajJI (4) .AjjJaJI 4jsJU-all A.\\ nr. 
(JjIjjoJI Jc- AJLaVI (j-°J •l^ijSlud j]l 4jjLaJI CIiIjaaI] Ij^JJ < . UjuU j AjsJUuaJI 
j| (jAjJaJJ ■( ijlVnll CjUjia j tCj jjlaJI j t(jjjjJ) jj] jj^ JULi!il aLUII 
ojIjjII j cJaj]I j cjUjJI tL-Sji-al! JJjU-a3 CjIjIjjoi J£^j jll <a.jUI j 4aL^»ll 
jjjU^aII dlbljjai j!&l j .(JjjjjJI j a jauill j tAjJaLJI JJC. 4-aLaall j c<jjjjt-all 
Jj 1 g SjjSj (j^-aJ Jll j 4 jj jlaM<JI Ja jla^ J j jiaJI jajj AiLtlaJI liUj ^ lc jJj^i 
t jjaJI j t jl^jJ\£ SJoa-a jW^' ^jj ^ (jr^ ■ la ^' 
LS iuh Jlfij ^1 J^.lSj .jJjlj>-all Ja jjai. S- 1 ^ 1 . J 4 JJ 1 "^^ J q! > k-i4> ^ill j 
(^ia^i-a (j<a L-ljalU (_Jj£jj]| jjfc 4jUiilla Jjjl^sjJ jlj-aj Jjjljla J^aJLail 



1007 



LS lxl .aJ1£I jf A^Lui CJl&ja iAA\jJ[ JJC ^lu^all cjjj^all aUa (5 j^j 

elfcaj jl ajl^aJI Ajtij^a Lj^j^all aU-aj <-lu^)j£JI CllljSj-a] (j-U; <_]U°^ cJ^f" 1 

< . nun* . jj^a^JI (_J£Ij ^IjILj iili3j^)j£J! jjh<\^» \ JS uHll 

jl (j^-aj c i al^i iJ^iVn A qq-^ ^ jf£j jjj m^r. i_)£taj Au i—sjjl^JI elj-a 

.ilj-aj jail j ^»jjf"Jl£ Ajj^jua dlljjjV jfLajj .4 11 X <\\\ i"ll jl<\C. £a (Ji.lij 

Ajj^j ^ ^jjajl JaLioll 4ilc-J ^1 (J^ji jl j^'j^ J^J ^ij ' ^.jjljrtft 

jjUlj 4jaJj|jlJ 4.nm«\ll Jll jA\ j Ajljull £-XaVI -Lai Luj^. Jl Jj j .^1 jA^I |=uJagJI 
J1«J ^aallaJI 4jjU Cjlj-a-aJI 4_iLaaJ 4ixi jfLaJ la JjJajl jli lil .4g\i\qill 4 11 » ^IL 
l^^.^ia j)-a 4ac.l L ^ill ^ilj-all ^ <_L^aaia (JSjjjJ l^i.jia jA t ^1 _ia3I ai& 

t^jLaJI eAjAji AijiL^all JJU-aJI tiillj ^^Ic AlLaVl t> J -JJjM' 

jj^J t6^jij A ill n o ^jjj^all al_M jj^J 1 <nj^ J .(J_oiiallj 4<xju*aVI l—Sjji-a alj-aj 
Jjal^a ^gic. <La V ^ill CllV ja^. ^jlij] 4X}*-a dslil j^. <_a£jj ^jj^jJall j>-a 

.A^JUJI 

^ 1 1 •» ^11 jia t l a ^Q-v'^1 1^ ^jo^jII ^jj^- Ajc-^jll < *' iI ^Jlj ' ^^■v'^l i ^Jl a\sLi-^I^ 

t qjqVij t LlLall] Ljjj^alL 1 aS^J j-ajJ jl 1 > <aj1 j^-aJ <J^-^*^I 4 ibj n<\ll 

.Af\)\ JJO^JI 4-a.^ll CjV ^^liol i—slWiVI 

^gjoiLuil j-al ; jJjLa>-a ^»Uaj ^gJJ AlkWI <_a^)j-£all oLfa (—iLujiil jLuclj (Jiil-ja jl 

. jJjl^-a]! J^Loil ^Ul aMjI&j Aju^ala ^ J^J (_Haj3j t^g jl 7. <\\\ jjjla jlajV 

US tUSjjLa jj jl 4jaxJI Si ^jUuuI (J^-'''"» j>AjJaJj ^1 (.AJvf. 

4ilS (J 4a^,^l > t-t 1 jjjjja-all ^ialj jl ' . J .1 (gjlr. A -\ <\ll j-a j t\ > aJJ 

«ULaJ! (JJJJ jA La (JS jLui.lj c jLu&VI J t^Lill j t4jSl^a]| (j^aljC-V 1— llSJla-aJI 
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(j-ajJaJJ to jjir > ^-i sIui'm .Ajl jl dll jlilcl elijJI j SjUiVi eUacj ^ir in lillilj 

La.jjlaA j j^ll oUaJI (_5jLuij Lj^)jL^a]| oLi<a jl ,_^ajj2l I jli t^j^A^al! alj-a jia 
(jl . 1 Li <-il j»JI ela-a jJjLa^a ^ ^^)iall jl ji 2aaJI ^JJaII (_£j frlml Ig-la 

^ji-a jjSI lilLaJ ^jjll tillj 4 i ^il ; j tajjjfUl ClAcli^aU 4oajja jLuc-l <-lil iaa <i 
jl A -s 17. (jjLawaJI jjjla lill^jjl jilau .LjjjaLo liJa jJ jj£j 4t_S^L^aJI oIoa! 
4iLjaj lill^ljl L5 Ic. Ajjac. a^lc dAjjitJI j <\ > aJJ j .UL=J jjjlil3 UlLa-a IS jLoi 

jj^aa]L jl ^j^)jMa]| tljLa^ ^.^^ jl^-aioiVI Al ji-a 'ojlc. jj^J 4jjAaSI jli 

L-Lij > ^>"i\Ij (j.-ij-^ jjII frliilj fljjSLall ClilSl^ljVI * ; nm"n 3j .LaA^lS jl c.IaHj 
1 »nU <i jjjUll iiaJ .LI=-=* 'j'^j ^UIj^VI £>^A j^a ^! L-likLj .^ll^all 

dbJajS 4jouoijaj 4jj.1aJI jjJ djla^LlkVI ^ ^j£aull t i-lfrJ o^lg, ^LoiaiU 

aLw ^gic. Ajjjlall ^ _ojoij3I j <_jUjVI J ja. LuiiS Liajl jjjlall ^i"nj 

JI<it"iuiI ^Jajj ^jll (jjlj j]| jc 4 SSj > ii o ^ JJ cULtaJ j .^j^^aJI 

^LoJjoi^/I t"ll ula (Jjb^aala (JSjjjj jjc. jjJa^jAll 4_sJIxa (jS-aJ ' " 'j^ ; l JJ jl 7. <i\l 

oLl* >_jl-ji,ii'il (_^iiLujl (_jic- ^jjoi^)1I jS-^ ^ ^ Ij^j '*-^!-^ (J^J^ ^C- J^~> « 

. jLuC^/l dllixa-a <-_1)£jj ^3«J iAjajLall l^J jS j! L_Sjju^aJI 

j»Uaj AjLu^aj Jjir.^nj Ajaij^all t LjlSjII jJjLa-a ^Uail 4jjjjuJI ^jI j*JI (jAjJaJJ 
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4j jIIoaJI 4jlaLjia.V I <-lil*a^ll iilli£ j t (_^»uj^)1I (JLall (jJ j (jjjataal jl ( (jJ-^ll l3j_"-«j1 
tjj'^J <_f^aJ ^1 JLall (jJj CLllaLjaj t i\\\<Z j i^jl jxll CjI^Iuj jl ^1*11 ^jjl""!! 

t> £3Jj Jj\\j AajLjjaJI ^AIjaU aJsujouII CjLuuiJillj c4j3>all CjVI^jIuoVI 

£-a 1 J > pi 32 .n (""^ CS"^ ^-a^aJI ^-">J (jj-^J ( . j . CllLa-lkll ^J-i&j 

Aaauj Jj > aajI ^jiac. j ^aLu j Jjlc aLIaj] Jj^sjjII j .'aUliall JjljiJIj J ialuiVI 

a^A ^jjIjjjoaaI l*JJ (jj <i *! Vl i n <ill (j«a Ajj j'b ni l .lil^aacll 

tAjjSj i — sjj i ^>")\l Jl Vni in (jll <— ijj^all aLj-a diLa-ii. fj^J (J. h^t '' - 

jSIjJI *Lul o£lj *s>j ^Ujj Jl Jxill ^jUI f I^Lo>VI 

(.\jxji (__ajj^a Jjsl^a ft^l J^-"^ f 5 ^ ^ J^lfl (_$l (»jlj ^ 4-a-iiJI (JjiLujI 

<La£>La (jjal^a jj (j-a t"i-sVi 4-alc. a^jU clll j Jjal^al jl t (J <\t"i i n'l ^1 ^»l LllLajLLoil 
La (JLall \ jji 11*1 laAj I j,\y it* J*j <La."iJI 4il£j ^»Uaj (jl (j-a ^cJLj . Lj^x^all aLj-al 
^-a J-alxjU AjoUJ^II Ljlj«all .j^l (jl .<*joi jtill j ii"uWi\l j t^Jalall Jaoixaallj ^-ajoij 
^•s ulj L_ajj^all I^A f •> J] a VnuKill ^jjuJI (jl jA c^^C-Lu^all ^jjj^all eloo 

(jj >'i-s *l jJCj t^'li ^><\ll (j-ajJa Cll^iLj^su ^)JC- L_ijj^all aLj-a CjV _oas. t *j^"*>"' J^ 
.(•Lall -I ^'-"1 sjlclj t4jiiUll £jl jjll jtajU j tCjlaiill ejbl 

4il£l ik j<a JOa-a ^Lul jA t<ll^C t_jLuajVI ftlil ^ J^Jb ' iuKjll Jj£l (jj 
'a^Ljj ^-a ^jjoi^jII (j fi~ll Til (Jj^a. (jjJ (j*J ' *? "*• ^ (j^ ^*^1 L>°*j UJ 1 " ^I'H'ftll 

^Lall jloc- eliUljii Jc. < fl^jj-sail aLw ^ll-s'inil iai«J t(j^all ^ J^ll Jj .Aj^II 

^^Jjoij La£ .(^JlVl a^a. J Jjlall "Tjl^ ftl-all j»l^iiail (jj^J Lalic- pliuill J^iLa> 
dlLun ii Jail j a jji- 1 ^ill i— llc-1 'ii ^>ll (j-a Lj^jj^all eLio t—llxuiil JJ-iSll ftLall ellljl^c 

.AjjAaII jJjLa^a 4ajj)-i<i1I 
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La j<aC I jA a laJj i in j . L_fi jj^all aLus o jL <La.laJI ^L^l jjfLaJI -Lij jj 

aLw J Sj ja. jaII lillj jx jj£l ^ j ClAjjlaJI j\£l JJ JLjaj ajaijS 

BOD ,^A *ajlo 4-a^ijjaiAll Ljjj^all aLi-a a j3 L_iVj*J-a jj .<L1^a1I ujjj^aJI 
ja 4j^j-a ( " il nr. (JjUt* jjc Iajj-ISj ^» y< C5"^J ^ AaL^all jl jaSIj 

5-12 5JjU-all jj .(jjjlall J all AjjLijVI Ja jLaJ] laSj 4jcLW> CjU. j jL 

aj^j (_lLo^J 4_ta.j jaj 4 irji ^A 

.300 mg/1 <s1=lA\ 4jL^J1 jI jJi j-a j <250 mg/1 jjUi BOD 

.5-12 <3jU-aJI J 4-ajiJ a jjujj ajiill ajA tlu^klait 

L_Sjj^aJI aLfa 4-aji. ajaij = ^"nM ~*~ LS^^l f^J (5-12) 

= V7?v + V [(BOD - 250)i? B + (SS - 300)i? 5 ] . 8.34 

CllL jllijl jjj^iLa t<-_ajj^all aLba ^7. Jojoi jia = V 

mg/1 iBOD Ja^jla = BOD 

mg/1 t4.ijU.rt 4aL^a jl ja Jajaijla = 55 
(jjllc. jjjla (_J^1 CllljVjJ ' ^ Jj Alin'lWj ajoijll (JjJ«-a = i?V 

jjjL J£l CjI jV jj tBOD _SI Jj 4juau]L ^ jll Ja** = fl B 
jjjL J£l jj 4 SS —II Jl J" 4 *- = #s 

Llllc-j .4_}fLLa (J^l (^-^l ^J^-" Lilxa jjjla^all ajjoij (J JJ^. Jajilu jl t ■ l^J 
jaJ j .4j£la]l Jj c.LaJI 4-a.lk --^ J ' "O 4 ^J" 24 - 0 ^ J jl.jia2l iisJ La 

j-ajJa 5jLu<a]l ( ajl la j dlliij AjJaiu ajjiUU ^gjjl ja, J ja.j *•! JJ t_lLljaiS/l 

- Jj — (jajl J^LtJ tiLaj JaJ IjA Jj jLaUj .a.liluy a] j] J Ja* aUajll 
jj^jsoj jIj&I «.lal Lajoij Ljajl jJ-all jj^J jl j^-«Jj .((jLtjjVI (3^-) ^LajiJI 

4_lLti. aJJ ' " 'j-^ < ajjaijJI J^LjaJJ J3j .AjjJAll (_^jL>-a aUaj Jj ^LajiJI dj^L^aj 
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2-12 Jilt 

bLuC.I 5-12 <taU-J -I vl".,„U jLJI £_u^ua L_fijj^> sLiaI 3-a.laJI L-Luia.1 

SS Ja»- c910mg/l = BOD Jk- . 150000 gal = ^ jJ ^L>*jVI 
0/lb Uji ^aUaj AiK j $45.000/mil gal = t_jLu-jVI *-*ai 4 320 mg/1 = 
O^jUII SS —SI t> 1.38 0/lb U j^a AjaL^j t^Ull BOD _JI i> 2.38 

5-12 aLUaII (^a ^jaalL 
SC = 0.15 x 450 + 0.15 [(910-250)0.0238 + (320-300)0.0183] 8.34 
= 67.50 + 20.10 = 87.60 $/ fJ J 

(_flj^l dUa Sjb) 3-12 

Au^^W Wall < jjjUI f Uaj MUJI AL^o S jbj jllj 

£-a L_s^all aLui 0 jjb 4 _gi jjLaUJI JclajJ j .AjsI jiaJI CjI JJsull '.n»n;j (JaxII 
4<Lal*]| (JUuuiVlj tAjjui^JI ^)j|j^ll (JlLa t(_£^a.VI ^)jlj^ll (j-a ^C- J^a « 

t djLa jLcaII CllLa^kj C(jjLj)ll dlLa-ikj 4(jLa^l j t4jjAJI Jjlj-all j lelbllj 

• <<al*]| Cjla-iiJIj 

tAjbuall j Jj» ulill Cj^Lauoi 4al*JI (jS^^I <-lj^- ^ *\\\ CjLa jIxaII y <\ * f-i7i 

<aJU-a jlxiius .Xaiuj .^Jjiill Jj^Jjj t^UiuVI J tebVI Aaiil^a J jlfLuoll 

^jlc j to \n>*n ^aJ La llJ SaJaa o j CljLa jjujJ tfi ic. AjLu^all jLalfc j ^j^^all aLui 
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4_i^aLaJ) ^gjLa J-">J <_5-l c - ^Uaj jila _a^s JaSlauj . dst-ix-all j l— lULaxlt 

(jLaJb (GIS) ^giljiaJ) CllLa jlauall ^Uaj ^ajuoJ . CllLauallj jjjL>a3I ^Jt\ ya JgJaJ 
Jj» null jLlc UJj J3 .jjj^aI] 4jjjjj£JVI |»_ajai jJI aUaill J ja. dlLajIx^ 

L^ilkjj ^1 JJjU-<JI JJJJ <UaJJ^ 4j)^E-V llilSLull o.lct2 AjLu^JI j 

4jLu^3l ^gialo AjLu^all SjbJ A^J .^LuU ,4-aiiJI J^jiVl 

CjLa^a. L_llia CjLaJLla j AjjIS jll j jjl) CjLaK-alL) AikLaJ) JaxJI jJ J ^ijj 
(e) jasJ Caau) o j! jaj jt J JleVI CjUI jfl jjll AjLu^J) AiLou J§ .oila-a 

^jaljS (J)-it J Jf"^ (j-^J 4(_)l!La]l (Jjfu t^*^ '^r^JQ^ *J^J^ < - J ^ cs^ 

AajLj^l 4jJaUll JjaC t . ftui^j tebVl jljiAl o^Ljj <_D^. <>» (j^Jj) J.."^"^ 

4jawa^uJI ^aall 1 j£ jiLa jjjl (j^a^aj .AX^ajll ajl^a. o-iLjj (_H>Lj3 

A-jl J » r-\\\ (jia^ajj .el-iVI JW"- 4 ^J^" (Jjiolj j»JjSj3 (J-* 0 _>°^ 1-JjjaiLaJI 

Ijir.iS l"l)r-Luj J^C »1 » ^-iVlLl ji ^ la a -^ljjIj J j))-» j La) Ajjlii^all 
<C-Loi 200 (J^ ji 12 (JS liJ^p^all *-luj JJJ*j] <_LiC. j-al LfLijLajJjl I^IJ 

CllLajLuail )jLaJE.I (J-aC J-aL LliLsjLajJjl e-iilL <L)jllxa <La.la. ^ jSJ ij . <Jji_uJ 

(J-aC ^a)jl LjjJj (J^JJ ^3 jlfLill ^ijj ^j-a jl Jjiuioll ^jialc- iJjS (j^ 4 t'o-^ oil 
tJjaJI -Lajla ^iil] AjLu^all sjl-i) 4 aJaj) ^Vim' ^3 j .j»Uai3) Jj3 (j-a LjJUJJ ^»JJj 
4jjjl^a JJC till j j dll^xJI Jl^iLuol J ja. dj)jlj3 iUj| j <Ja*JI aJjas. kj^a j 

.^Lu^ll ^a£l >all 4iK3l 

til) jjL JaiuuuH ^Lalc- 4 CllLlLull LS lc J _aj^xaJI j ^IS jl) ^aull 4-aJaj) ^C-Luij 

a)jl 4jal^a ^Uajll ^_)S^a (—J j i n) -\ J!iLa. (j-a (_LaLcll (j^-aJj .^iaall j 4j3l^a]l 

t laa > j C(_Jj)jjoJI L_Ujoillaj t^LaA.VI (JjVnnll (j-ajj t(Jjrni"lll Jj3 dlljjVI (j-a 
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.Ig-La cs"^ W^J^ <_5^ J**^ CjJ- 1 ^ Jt3 ' (JjaujjjJI L_ij^)]aj 

Lo£ . 4i1 J i j l^fjjj 1 J^- 1 . llLS ^jll <_J£LLo]| AliaaJ (jalalail LllLa jlauall ^ <\ * aJ 

<_£)La. (j<<s (j-a^ l — J 'j^*^ (jjLal*il Li-^ajl CllLajLuajl ^aujJ 

Ajjoi (JJJJ AjjJI iJjjL^aS 

U£ .^tSS tiJJ" 1 f&^J '»^-« (-jl^AI ^jic. MOM ^aj*J ^lai .AaLkUl 

jjjSjjj jjioiajU JjJ^a jil ^j^-a-aj (j^ab-^ <»Ai» <— 1^ J-> uilll (jl ' . laJ 

(_£ dlxa 4JUuaj Jj*-^>J 4-12 

2_Jaj i_fl j^JI alia <=JU- Cjl * J^*-^ U ^ ' ^'l) • S$J^ d& (j* ^ 
Opajj t<jjl jrtj^ll JafJa j tig-La 1 ^ la i n jl 4-a.laJI ^ lgjl.i*-a j oAa. jll 

diLdiaiLaJ ( _ 5 ij £J^- (JSJJ JjSJjjj A^JU-aJI AjLaaJ ^fLaallj i'iSl^a Jji. *n Jalaj 
4£tjJa Cjt Saa ^ jJjLawall 4-aJaj| Joiuiu (jAjJaJJ jSj jl NPDES jj^ij^ JJ 

.^jLa^tt]| L-lUjaul (jLjajS ^jlij] (—iLuaj^l Ajal^aj tA^jaLaJI <Ajlai oIL -<^.*H j 

LajJ 265 SiaJj ^ jJI ^ <c.Ujj 24 jl^-a ^^Jc Lj^j^JI oLw <aJU-a djllxi»a 

J3 j . Ati. j ^3 j-a ^ ' " * ^^jll Clll jl I (jc jjjlij ^aJ JSJ j djl ^xaII ^ojsI ^a 
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(jjljJJ t_Sjj>-a]| oLl-a 4 \\ * a ' " *\ * ^ 4jl j> all jlalo (jjljJJ .(JLaaiJI jx flt-udlajl 
t (jjJ^/'Kj ^ j 4<Lalc AjLu^a JLaC a i La jaC. UpSJj t4 Saa .nil dllitA JaAJ 
tdjl^a-all aja uilj AjLu^all jl J it ufill JLaC. ajL ^3 . jjjjlc. VLafc j t jjjjL 

jo jjljjjjous AjLu^all jLalcj al^-a jLajJ j t ( " lla ni jaII ( Lllajj j 

jA 4j=.jjia j-a^-a ^gjc (—flljjjVI J afLaull j 4 JSLjIaII <Ja.j t^jjojaiull j 4C_jj£jj]|j 

tJ£LlaJI <Ja.j cAiUall J jc j «4jjLjg£ll <jLu-all jo^n .ojj^l CjI.jxaJIj 
.ij.iauj tAjASjj 4jg jl uS CIsIoxa AjLu^aj dlLvvL-alj tAjfljJa jj Ajilaia CllL^ajaJ j 



Ujij^jj j jjjLa-J) AJLu-a 5-12 

jl l_LuAl.a jac. -i j <\ i i . liuij AilfLa j jl^-a (JSLLa LaUJ jl j^^-aJ 

jaI ^Ij < 'qjiVn elilc^ui ( _ 5 Jc A h^l a\\ AjjoLla Cliljl-iajl JJSjJ (j] •£5^ ^Luajj 
jaI 4jjoiLLa "-JJjljl Cj^kj^aj jlii^l j) La£ . J j^aJI ^-^l ^ A-jl J > ^>\l (J*aJ ^i.nU.nl 
jA jLajiVI JJ^?- ^JaSl (j-^J .JajLall ^LiujVlj jja^JI J3I jii.1 ^laJ (_£ jaa. 

(jic. ^ull j t<_i jJjtfL 4 kaa «\\ AjjjJI ^> IgjtA jll ^Jl <k.loll 

^jljjIiVI j ii.JJ.laJI aJ <il » ,-n\l (jJal jti 1 nl 4il_Jajj .(_£jjjj jU^jL JaaJI (^Aa3I 

di!>L^aj J£3 UtJj I ^Lull tfi Jc ^Haji-ljall cjlkij jl t_j^>j t^LiuVI (^jic- 

^.iVhuflti JJC. A-aOiJI Ja jixk jl j>A O^LlJI al^SI j^ j .ajjll ojIc-I Jj3 A-aOiJI 

^ jgjJaaJ ellLajlsua aUaj ^^Ic jl 4jl ji ^ill ojlj] (^5^- ^^Ij ^ .) ' JaJjjJJ 

tdiUaall ^Sl ja jl^V JojI jsJI a^kloij .4JU\a CL)Lauaij ^jic 4 kal ~s all L T ilkLj 
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ClLyUa mJ JaAa. ( . laj t(_£jij dll S-s I n A-a.laJI ll£L-ajj K alaJjll <JaJ.laj 

A3 jjxaII j i_oc.lial] ajaLall Ja j1t~.II ( _ 5 Ac- (J^la. -^lj ^ jW^] ^ tS-^ 4jl U .nil 
B-lj-Xe-aJI JJ^VI JJjla^all (jl (ja j^C-jlLj . IjjIjJ jj£I UjlVu jl 1 kjjjLAflLJ Ig-ALjJ 
£J-^ 0' S-^H tUjJalS jl UlaJj Laikxi L-lUaJJ V AJuAla CllljOawia ^jjc 

.AjjoJI ^ 'aj-a Jg-kill (_gi aj-a (ja ^jl JJJ ^ialLa t IjlVnl Jj-ia. <_gi lP 3 *^ 

aJSA Jla jjc. (jjj jaLo i_)fL2u AjjUall jJjlawall jl^joul CjVIa. J.ic. ( ijflaJ (j^y 

1 4 j o -» nill jIjaII j (_Jaj]I i ■ UjoiJ Ajoujj a jji jjjLa^aJI elil.il .Wjl i— l^aj 
lilliS jJjLa-all jaUaj 1 ■ lljni'il jLjaja j . jl .ViV I jjiawj ajlacaJI j ^ 1 ^r>\l j 
(ja jjUII i^VI jl ^AjA^I J^j aijj jrtij jA t (16-12) JLUI ^fl ^lajJI 
iJSJjjj taj"^ 1 all jIajaJj t l— ll ^"i ill j.ia. ^jJj (^ > >>qj (_^jjJI j-aVI i_nijVI (Jji^ 

.(j6-12 J\ 6-12 t> JliSVl Aa^ j- 1*1. J£ jji=JI j> djblAja, 

tJaxjJall ^jJlc. djlij jLuj L5 £JjjOj^JI liljall Wi all Aril uill t ajJaHll CjLljaj j 
(jc LaAic j .A-uljoj^ll Jl jaII AaLjajj (4j^j'iKj<i CIiIoxjO aIojJ jJ (—SJjaull j 

t<llia Ajjl jjJ 1 ill CjVIa ^j .£§ jaSI Oiaaul llllauall (JJOJUSij jail i .ij.Wa jjja-a JaA, 
AaJji Jjl ^ JaxJIj tdlj j t j,1Vi«II ^gicl alaoL 'a-ilc jjjawaJI <_! jjuI t kJaJJ ^aJJ 
AauS ^ JaxIL *lja.yi I^A ^r.^unj .jIAjjuVI Alkla ^ jiaaJI jLail aUuLi 4iU. 
jjjawall Jai. ^jjjajj j la '1 *ill (_gic-l (jo <— ajj-sall aLus I ■ ll-luijl ^cl 1 nj 1 uj cAialaj 
laa > >>ll ^Ic- tiAaj (^1-° jl? (ali^'iuilj jjjlawall t <jlVn jaJJ LaS .ajldjuall Al\ j\ 

.7-12 J^l (> ^Ij jA LaS 

iJLjjI ^Sj j^ill Aauall AA j3 (jji ^ jLjaJI a jl\J jj£j i'lni Aja.1 nill ^ja jjj 
l_Jji.Jj 4jajJajaJJ 4^.jaS 4 Viqll j-ajJa <-lllj£j ^a Aiaotll ^-aj ^*JJ . J la 
(^fl ^aJ (j-a j Aauall ^ JA.VI i_ijJall ^jic La > ?->!! ^Ic jljjj ^-a jajiajiJI 
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jjjljjj fjuij (1 .j>Uuii ^hjhVi (i) .Jsuall <j2l* ilij <jjU jLu fliiUj Jjja-»J1 i ijfrn :7-12 JS-i 
j»jJa jaJ! S jSj AiiUU! ^jajH .7-12 JliS <ji Jb j» US i ijfrn Gliukil » jijltil a jSa jaJ! 

jljiiVj I jj-liil &LJi \lija l yioi p)Yun'\j f\Ji\ d ja2 i&3j^ ^Aiii ^ J JjjIJj (2 <j) .^aiiil Jji 
jij CiU^i o|j JaijjUa Jjuljj (4 u) .iLslil! GblaJ j <jj! jia.V -'**■■* <Ljaj JjjIJj (3 u) .SjIduJ) 

plVmii CuauVI ifljif SUi J-o i^il jjJ jjja. AfrUai (6 u) ^1 <ti jaj ^ ilii ?J L Ulu fUaaJI i^jSi't 

4jcbui jjjljj (8 J* jll iS^j^^i SHaaJI eluU) UjI .» jjjil! jUa&l Cilj 

jjLiil UjaJla I ni?i^j liliLa ji.ni" j ujiMI £li jIwm JSww d jajj ^ l^luiJj/t Cuu »jLa. jLu <U>w2a 

(Aquatech, Inc., Cleveland. OH <> <JXiX\ 
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i>>} jU^ll] ^ql-tll ( ■ ut 7>\l ^gifr oJ J^j-a '-r'j^ _>? & ^ J*> ' '<"> <n\\ el-oil dljjj 

400 ft <1> ^kj f >> t> 60 gpm Jl 2000 Psi 

dnL iLlis <jj ij tSiUB jIjJI jbjJI ^Lsulilt SjSJI .(iJ7-12 J^) 

jlj-aJI (Juifr JJC. I IjhV') iS^i j^j^ '.'^'".'J •^.^'^^ ^ 

AjL^all jl _j-all j^aJ 5aJsJI ^3 ojlAjai ^->iaj (j£-aJ ^ ^Jflll Igjjl&Jj 4^.1 j-all 

jjjljjl -AaJLaij jj . Sail i all Jlc djlij ^hVunlj jjjla-all t kilaJJ Aj^ali. 

JjjIjj (4^j)j j±>Ijj (3t_j) c^Ull i, «jhu\l ^ (5t_" '1^) <jc^JI 

j3 (JjoLyLuo Cjlj jjjI jj .AijJajl! jJjLamll Cjljliui (jljoi.^ J-aaiaij 4_ti.jjL^a 
IgJ Aajaili CjLjjaijj jj-laJI ^Jlj)/ ^ 1 Vi i n"i jjjI jj (64- 1 ) • Jlc- )-»» 1 «a 4_lajJ jJ jljj 

.(8^ <7^) ijjjftl £t5 t> f Ua=J!j J- jll ill Si 

jjj^A] (18-12 JSj^II) <J 4niflll jjjawall ( ijhi'i Aall tUiij <_iJajj 

.4 j\i^»\l CLiLiuijIaIIj ^LujjV! ' *l_j& 4_ila-aj jjjJjII sjUua l&Li-o laJLuLa 

JjJj t J jAuLall jjjl -v a\\ (_1 jfil ( ji La* i >>\l ^^C- fj^ 3 ^)^' ^ 

c.Lall 1 ; iUjou! .(manhole) l! j^-^ 4^aa (j-ajJa Jij-uVI j^j ^ ^ l -r J jfjl 

dlljjaijla]! j ^LaijVlj L_ajj^l ftU-a 4<=ua]l (J^lj djliill t alalall qa 

JLi) ^la>l ull ^gic. J 850 gal — S tp' ji^l (jl j=>- ^jJj W-J^- <jl^aJI 

.(^ 8-12 
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M 

jbjjJl (!) .j»lk»Jl 4j\JV *1 j^i! jjjijj lauall ^U. f>Lu diij ^IJiluib i iJajj :8-12 <Jl>i 

(Aquatech. Inc., Cleveland, OH) :<> 4ia!>») iiuill ^Ic iUj ^iJiWj > »1ul« 
^jjj jHjLoi ^^jowi (Jj^li ^Jajoil jj 1000 gal Ajxjui (jlj ls^] fr^all <_JajJ 
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jl jail <ULajj t^l J' >^<\1 L r 1 ^ LS-^JJ - ^ (J^la. j-a (jl ^l j)-i>nVI 

.^jlaJI 4-a£ljla]l 4jL^all j| _o-aJI j (—S^L^al! aLi-a L_SJjj»oj] 

<UI jj jfLaJj . jjjla-all A (_pa*J ^ j-a jlauIiVI ^ (jj 

jUjj ^I^sOjujLj Ajaiall jj^aJI <UI jjj iJaiuJa]! tilij <UajuiljJ jj^aJI 

jjiaJI <Sljj ^ <l\jti jjaj j! AjjIj^II jl jaJL <=JUa11 jfLaJ . jjiaj] ^Jali 

1. Management, Operations, and Maintenance Program. U.S. Environmental 
Protection Agency, Region 4. <http://www.epa.gov/region4/water/wpeb/ 
momproject/ index. html.> 

2. Wastewater Collection Systems Management, M0P7. Alexandria, VA: 
Water Environment Federation, 1999. <http://www.wef.org/Home>. 

.^^aj-aJI <_aj*-a]| <-_slu«jl (j^jlil MOM — SI J-aLjJ (j* (J^J*JI ' ^ 1-12 
?4jjl)-i.<\ll dlLa jIxaII La j ^aJLua 4 La ^ AcLWLul .Ipaj t SjS 2-12 

>L5 J j! L-lbuiJL 4aJl»-a o.la j J ja. AjjVI CjU jlxJI j3 j2j 3-12 



M (.8.34 = lb) 


S (mg/1) 


V(mgd) 






220 mg/1 


1.2 mgd 


(JjLoi ja.1.1 (jSJii 




121 mg/1 




a! jj^alLa el_La 


1010 lb/day 






■A ia-ba oLaa. 
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.4-12 a1Axx1\ f> hVi..L Lpll jl ^ij ^1 5jL^II i jJl * j> j < J j^aJ J^l 

sj.U^j .^jjLa. J ja. j^iui A 7. SI t a Jja. <LjjV1 i-l>La jIxaII j3jJJ 4-12 

.%90 UjJ lilLJ 



M (.8.34 = lb) 


S(mg/1) 


V(mgd) 






250 mg/1 


500 gpm 


JjLu Jib 




4000 mg/1 




A la-La oLta. 








jjjjjjl 



.4-12 <tal*-all J^IoiIj -Gil jj ^jj (^oll <jL^JI jl jJt j> JjS j 4 J j^aJI <J*£l 

(jiLaJ ( aj£ .( <i^lj«JI eLul ^ ^jLuoll J^jW- 4 l T J (J iajjj 5-12 

(jU^aJI (joj jjjlxa (JL^ajl jjjla-a ^ <— iIauuVI <Lialj-a JJj^u 6-12 

> ^_fijj-*»ll oLw ^ 4-aljj^aj ^>j=o 4-aj^-aJI CllLUjll ( _ ? A La 7-12 

?bUj 

VjjjUJI cjf-i*- qIu^JIj ^ ^1 djIjLuoVI yJfc La 8-12 
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^ La j AcLWU A kal -s all ^jjjjjJall Jj*S/l ^ La 9-12 

4c.lkU (j^LvkjV AjuLill i-jLujjVI 

800 j BOD 4200 mg/1 u gpd 1200 ^li-a ^ 1012 

$ 120 j t jjlLUJ $ 0.35 jjjL>a!I ^Jlij j '<aLj! J jJi <> mg/1 

j^iJI ^liijV! c_a^I .SS i> ^ jL JSl $ 180 j <BOD jL J£J 
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13 Juatt 



^lk^a]l liA ^iVluij j .AjJjISjII ^JjJaJI 4-aJU-aJI IgilJS La-a jjSt L_a^all aUa 

.AjJjISS AjjjIj <^JU-a ^SjSiJI J 5J\ jVI i>»;-rn J Ajjjliill A^JU-all £j2j 

)j\-\\\ti/tA\\ ijuA 4jl t<J L_ajlj-aS "4jdllj a" ^llu^a-a - ikluij La UHc-j 

CjliLaC. OaJ UpULaC. (_£J^J AjJIj <la.j-a ( _ s Ifr Jjj .4jaij JJS^ll i^*- 4 ^ 

.«.LaJI ^..nU ^fljfljj ilujSj ilLaVl JH <-ij*-JI aUa 

lajj-aVI .W^jJj t(J jla <\11 (j-a jjLaijAll <-_ajj-£all al_i«a AjaJUua jl^r. (J^j^ 
JLuu J J jj j t(AjjjjJI Al\ jj) j±a> jjjj Cjljlill J^j J c(4jjli]l) Cjljjj ^1 
LjlaAS/l (jlujJ ^ i^Loil .(^aiiajll) 4_ijJa^ail CjLijjjaall j Lji&JI 

C XaVlj A^U^I ^Mj c4L&l jjUJ 

4^JU-*JI 4jJ 1-13 

dlULaC <-_ajj^a aLfa (j-aj t(_£^iill (j-a 4ajJ-all ujjj^all oLui lIijJj 

i fit i) 4-jC.l li ^ill ( a^)i <~\\\ au-a (j^ 4£.^oj!la 4£.j)<\^ a (j«aj 

CLsLLaxll (j* 4X. j-a^-a <_a^j-£all a La] Aj-ldiiil <LaJL-a]| t jAjJaJJj .4j_ajJac!>UI j 
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laali cAakJI Aj\,^>ll j| jA\ j BOD —SI t> Ujaj %85 A^oij la <ll jl 

J i^ikJl <aL^l! jJ! t> 30 mg/1 j «BOD _J <> 30 mg/1 U jU. 

LjiifLJI jl^cl (j^aflaJ gjtoJ AjlaC A^JIxaJI di\ Saa ^ (J^»J ^^aJLoij .l^La JSl Laii 
AjOjISI]) <=JUa]| ^jjj .(-Sjxall eLba] £ jUJI (JSJSJI alpJJ JJ^' J 

t(J<\"^<< JJC- 1 ajtoJj 44jLa&j (j^AJ J*^ J lu_»-a^Ll lijaij oAc ^jjj^all alta] 

jjj (jx j t<alia-a CjlajAj ^liJI i_fijj-a]| bIoa ^ ja. jaJI ^aUI j| jaII 4JI jl j 
(jjlaliall ^ .LjJa. tA<,'l'\\\ Alilll JJC. 4j|juJI 4jjUa£]I j! jaII jl ^1 
.L_LuAia JSoll 4lnll 30/30 <_SJjj-aill JJjU-a ^ V tbjJJ SjuiluoaJI j lis. 

AiSjuaJI AaL^all J ycl\ j BOD —II ^ 1.11*22 J&1 J jj3 J J-Vl ' . i^n j 
^Jj 4iLjal .^LvjIxaII 4_}1aC. Jaj£j ^ ^llall oLaII AjkAll ..VI ^ ijLaJcl 

Lifuii (^jifj «4jl.la]l (JjIxaIIj AjJojaaSI dlLuijjoallj CllLiji ^r>\l j t lIAj-jxaJI jli lillj 
tjjljajl Oi.laj djLV jSI Ja t_iUa Jal i4jjjlill AaJU-aJI CjULfc ^ 4 7. \\r « JJC. 

jj£ I jlaj j .4ikiall (ilk ^ L-Lijl > Osu La ^ ( - U ^ ^Ij ttllLjjLJ] 

& (TMDL) AjajJI ci j'^l ^ _>aaJ1 jli cUipaj ^ (NPDES) o^l jj 

. 1 afcll£ 1 jl i jj£ jilLs jl c dil jj jULs Cli^La (_J£J '"'■»■ iaj 

aLud! ^ jAiU .lia-all ^U^l (jii-all jA 4j*-nlall aLudl ^ jjLiijill jj£ 

jjluilj cc-LaII Ajaliij a ( . UjoiJ La K_llLaJai] Ja^jLaJI jA lilJj 

lilLajoi^l ^1 jjl j ^jIjj (jLifjlj tc.La]| i_jIJa1I (jj> ui^Vl 

j3 jjj V .AlauJall jl 7. La II ajLjall 4jja_JI (_lLjic.^Ll t LuS _^aj j ta jji > ail 
^ jjJall i—uSjjl] (_^jjjjJa]l jnn udl «. jjja ( ■ 17. aj aj£*JI AjjLvJI alj-all 

JjLu j1 (j£aJ 4a3l . tall ^LaSI Cjli <JjUJI jLpVl J jLpVl CiLu^a j£l taJUa. 
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^LlS tpH (j^aSllj £-a ^Loi JJC. ^jjjjj Jj Jj 3 ^ J-aVl j) '*<J** <C-La]l pH Je 
£• I jjl J) j tO.02 mg/1 j^ailaJI J) <ij>JI Uj ><&l 

jj^jjoj jjSI jjl AaalfLa jjaall eOA j 0.08 .mg/lLu Jaajj <_£ ja! tiLajJ 

.Jl j£\ 8 ,iJLu pH 4-aJ ^oJ 5.0 mg/1 j <0.5 mg/1 ^JUI j JWV 1 ^ 

(jl Ujj-aVi jJAj JJJ (j-a 1.0 mg — 5 (j^-aJ cLJajj .isjaa^all sLaJIj AjjLaJI 

Lala .diljoj ja^-j jjj J] Jj^^ LaAic. 4.6 mg oj^a jj-> * aSSU IaLoaI i . ilLli 

oLuJI J <ja»aj IgJ j-i^. jl-iLaJ 4t_Sjju<all oU-a J ^J- 4 *^ 4jJJJ '"'"'*>■''' 

L-ajjliUj 4 (jr jLaiall Jj^l ( . A^oibjlt C^lcliull JJ Ijlij AjauJalt 

(jS»aJ iAj^ijll AAutjJa oLiaJI Jj .4jjlLall Ujn^jll (JaC q jSUu ^^jll Ajlull 
.AijjVI (J-^*- 4 j-° ^jJ3 j' l — J (j^JJ*^ A^aALobaJ 
a La J djLja^a-allj JjLcIaSI (JjjjjjII ^LaaA^/l ^ \Axl\ A-\ > 4-aLva. jj 
LoiLaj j'a > >y\ a\\ J rt->"imVI J ^Viun AjaJamll olxaJI J 4a. j JoaII ^j^j^aJI 

99 jjj 4_pjliull AjjjaJI 4aJUaJI JjJj .i_ijji3l sLaj j±$ aall J tdJj^j (Lidui. 

Jl 4iLjal .^UJI L_Sj^l a La J AjJaj^l 4jjgA-J <JjL_»jJax]l qa %99.9 J 

j^c j Lji&JI t> J&l jl AaaLjaj %99.99 cUaj £ jLUI Jajall ajjKl jLaj ttSlli 

jjljj^ll (j^ajjjj ClAjjIjiVl CjL> jjjS (jj . (-IiLuIALVI j CliLaijjaa]! (j^i (Jjg a 
jl jpi ^c.j31jj .(—a^j^all oLix ^ JSojlall ^jifLall AiiaJI JjHU 4-ajlLa AaLaiall 
( ** \\ \'\ j\j'a\\ ^.^c. V^Q'v *i l |j| Ai^ajk-a AaJ L» ftll ( 1 al l ftLi-a ^iaatJ ^LjJC-l 

(> UU £ jUJI jissll jlil&l ^jc. ti Jtai J j£J clOO ml ^ 200 AjJ jJI 

elsLujjjjall (j^-aJ .4-ajlLaJI dlLja^a-all j .LjiifLJIj djLai jjaillj t CllLja^a-a]! 
jf Jj I jJij j .4ila-all AuL^all j| jaII J JjKl! jjjb Jajj jl Lijjj£j1I j 
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4iLjaj jjc. ajjKll Al\ jj ^OiiujJ jl j£-aj 4<LjIa1I sLukJl ^Loi Jjl^ll t^A 8 

jj AjjaaJi ^UJIxaLi AjjjJsC-^I j AjjjJaxJI 4-uUajSII jl jaSI <SI jj jj 

aLtaJL jljjJaVU _^l (J Vt» J LjOIujjjj t jjlllj .}jj]l£ AjJIas. (JSLuLaJ LjjJaJU L-lli n"n 
<&aj UalS l^a. ojJ^ljJ Cj*L jj 4jaLall oLaI! j*VI ^l^aawiVI £-1^ La c4jjIaJI 
2-aljjJ lilli j tUj^aa Jallj ^ AjjLuu^II j| jaII <ll jj cX-^J •^Uij fLaJI 

«il«ijj t4l<\"i-\ mW «LaLoJI .il _ja2I £jai jj 4 ^ JU j .a .Ha n dlUS^a J _J^J Jj^aal 

jL-JI (jS^I «La . d1 t AjcjJj AA\ ja 

AaJjuJI 4ji*aJ1 Jl 4JI J) 2-13 

(jjla^ll SJIjj ^^fr Cjlij^aJI <J <Jt2iil '.'J-J-'N Sjja ^^c- jj 

i-jj^l sUa! aj,\;Ui1I 4^JUa13 t^ajjll -i-jil) t (Particles) s jj» » <*>\\ tiLujoiaJI j 
^j 4iL-bj ijjLa jill j tUjJ 4ial jaII BOD —SI j mIIxaII <iL^]| i ^aII <ll jj o^J*^ 

4jIJ!a3I <JjjJaaJI jl jaII ^j llsLaijjjiJI ^j UjJjSJI jA ^ jl jij jIjaJI jA t 'aj)-i 

^ jillj tiilJ f L>J 1-13 jAj i*? 

j^ .SjjSUI jIjJ <SljV .iujikJI ^Liill yijyi CjUIacj *V»J l-^UaSI 

(jajlll 4jc jj ^jjl j Lu,.,.u SjjjSII AjLalt si-ail a!\ jj ^jUjII "A* 1 £^>j^l - 1 

^Ic. jIajc.^1jj t^Ljjja]! i^a-VI 3Jajoil jj diUljjaJI ^LiiJI ^cjjijlll Jjjj .(7 
jIjaII j idiLoijjjillj tbjffiJ <lljj (^ic Ijii jjSj tJaLaijVI AjaUja 

jA tll.il j IgA^L^alail j oLaSI J^iluil ojlfrV oJjl jla]l tllL>Lua.VI jj .Ajljlll 
^JaLnll 4hL* A^JjuS j tLji&JI j t^Lall j| jaII a}\ jj <AAil\ 4^JUa3I fl.Wu.il 
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3 jL all .ll j-all ' Jj <-llLuj JJjill (Jjjj (jl (^g-'.'^'-jl ^ukallii] (j^-aJ La£ 



jjj^ 0.0001 0.001 0 


01 0.1 1.0 10 100 1,000 


fjJUd 1 1.0 100 1.000 10,000 100 


000 1 


D 6 1 




.. . 1 I I 

*HJ*OJl 100 20Q 20 p 00 200 


I 

000 500,000 




















-J 





































diUiuu l^jJIJIj cij^aJI »Lu ^ <Ld^aJI Jl j^ll _a-i :1-13 J&u 



j| ^bJI l5 j'^ ji nr-Vlj cP^' ^^J-^ aJajl - j al ■ aJ ia.U jl ' ■ laj 

(_j A lalla a JaLuj jl jl (_J-a j — 4.^ j.j j^ iaLuo jl 4 1 ■ all l— lla uj^ all j . £ Lall 

.Jajuojll ^Jajoi j|.luijl ( ■ UuU ej^^all sLlo ^ oJ_ji.j-a]l AiutiJI <xLia]! .jl j-all 

.4 jl j-all lilLousV ^)J^I AjuoiJj (jj-aaJI ^jfl ^uijJJ JaLujjSfl aJ-ixLa ClAajJall ^lajoU 

IjJaj l^frLoba lijJ^J jaSJI JjjaJI JjjoJlII t .iD-i'lj el j <lUalj <.1J"fy ^° 

jjc LS ^i\ j^j l-jUjouVI ^ ■> iJaLaij^U CjS^aII ^^lA jjJj^JI L_iajlll 
t^jljj^ll iillja-«]| jl pIj^JLj liljill jluaj jja. .UxAia Ujh'n jajj V (ASjLII 

^aJ Uij 4<iaC.Lja jl ^uila. Cll^j C1iUJoja]| jj£j .^Sjhnll liljill JxS 
^jIjjj .^joi^a]! (j-ajJa ^aill ^Jxujlill 1 1 n"l < _^HSI ojjKJI ^loJ .4^JIxaSI <Ua^a 
^-o ^JjoijJ ^j-a 2-13 (_&u^ ^ ^jJa_j-<JI ^^lilliill ^uljlil] t—ll-li.iuV i dll Vil-i-t 
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Jl&L-a]l ^ijaijiSI ^l.laJjuol j jxAaa ^JjoijJ VjJ-a j ' . 'J- " j3 j 4 jiijj 4 t ^jl_Laj£ j^Sj 

4j J^a e^Lljl 4^Lxu^_)-a L^Li. fcij 1 *} a-^-C-J 4^ixuJ«a ^""^ ■' -^JJ-^ (A) •(_5^ C- '^ LS^j 
4j1£J! ^jai^-all A^Laix (jjSj jl ' ^ lau .^LajJI I— iLlmjVt dlljjjtj t ■ ll «jluiVj t (JjajaoJI 
jl Jijj-aJI (Jjjautll <La.lk]l ^ jLi. 0.1a. j -i_4^J £-a t'sjji L_lLljaijLj ^Lajaill 
jl ji. ^ £3.1ia]l £EjoijJI Jj^aJI (JjjoJlSI ^La ^*aaO 4^xuj-a ' fllaij LaJljfrj .^!}L-a!/U 
^uijjl] j£«j .4^JLa-aIS tllij J-ia-aJ 4 La, oil (j2.jill 4j_^aU 

aj.A,.^all cjLiijjaJI jl jjc. t Ja! J 4 mg/1 a&uA\ 4jL^1I jI J1L j! j^jUjII 

j.j£j £-a jjoiLi-aJ! ^Jjoijlil! jl ,A\\us\\ -LLuijS/I _^JC. ^aJ 4j 7. a\\ ClAj jjJaxll Ig-jS, LaJ 
2- <_l^-">) AajLuoII <j!i]liill ^uijill 4\\mC. 4(_5jLni>l i— ll» n jj — J^jj C5^U^^ 

^fl o^xuLi-a ^Lj-ill uji n jllI j 4jjJaJI AaJLr a\\ j-a |_5 jjliill (jj3.}jil ^Vimj .(t_>13 
4JI j-aJlj 1.1a. fljjif tljLjjjaJI lg_l3 LaJ 44_Jjljjaiil £-aaO .4 jin-sll -LLuoj^l ui^a 

ojjjj-ia j-a ^C^)11jj .^Jj-aJI Jjjaiillj (JljjJ ^jij-all -LLoijI ^fl hqVl\ 4c.Lall j«a 
30 jjJ La ^ylj £Ji.!jJJ (ja^UI jjSill jlfl 4jaJ jii-a (^1 j! Ajjiil £JJjuJI 

oLw LuLvaj£ SjiVu cjLilijaJ (jaiLulLj ilijau .AjKIU ts -*Jj jl 4as3.j 

(JjS .jc- Luba S jJ-aJjjJI ojlfr 4 <1 > ^ j .^joi^al] AjJJJaJI JaLoijVI ^ L_sjj^all 

W J^k ^Miill ^Uaill liA jl£l frljjmj .j-jSjII jlja. ^-i jl aj^Ua ^jjjII 
4 ijiaJj jl jiliiy (j\ j*. (»JJ 4l£jtalx-a jl Aaa jJI L-iLuaj^/l till ^JLijI 

^aallj ^.a i.i U ijun'l (jjiiL^La t_ll-li,iijl (J^at-a ^gifr 4 h^l a\I jj .^^ajJI t-j Lu^ VI Ja-aj 
^^ic-VI j^j 4_jLjju4j| ^Ijx ^.IkjjjJ .CjLLa*JI AjSjJjJj 4 u aa^a <jjLi-aj£ 
dil^. j AiK (_paiaJj ^Lii-aJ! t^lli j 4_njoijjll j joSill j^ ^Oj JaLai jL 

UUi.1 4JI jLii ^ill j 4 Lr Sc-S/l j^j ^UauVI ^Jij* t^^jj .(^2-13 J^i) 4jJUa1I 

(JlSj .SjjjS]I 4uL-all jl _a-all t_JjJ)-o jj£-a jjJ 4 "3 Ai all ^Ij-all (j>a (jjoLadll (_3j^>-a" ) 

4^jai^)-aJI «.l^l j-aj j-a -IjjjJ 4<llajll 4 " il -s iVi^a ^^ifr <U j^aiJI <jL«all jl _4a1I <UI jl 
4 ( _ s Jc.VI J^j t_ it-luijl ^jai^a cl" 1 *^ - ^J^-^^ (JSJlSII AjL^all jl j-all jjSljJ (jiai^Jj 

j-a (jS-alll Ailx-all <fL<a5l jlj^aJI j^pjj AiiLJI ^ia^ «•! j^JI -I IjSj^a ^LjuiC. 

jl AjjL-ajS CliliL-ialj ^Jxujall <-aiajl Ail£l j^-aJ .Jjj-a]l (JjjaiarJI 4-jLuaj| Lj^ljj 
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Sai^a i\ ja 4l\JS ^JjoIj Ja^ jj (!) .Ujja. AaJUua lj j^a sUaJ yjflj jo*ii jjJ ililhtri a :2-13 <Ji>ii 

j*jUa Jauu jj .(diUujjjiilj LjUijljilJ <Lj2Laj J^i (j^) 5 JJ^i £JJ" Mi" J<S ' J^J i^fju 

(jajoll jjSI jj jUjjl jJe j'jSjjIj ijj^ jM tjUij .ijj^jjj i j'jSjj lijjUji! 

jjiall (^Vl jaj (_iUuul ja fljilui! (j) jjifl <>ij SjjiJl iIjIjU^uI ,jjs ijj^ull i . Jiijlt 

4iUb) i tiau .4al^| jl j^l Sjbj ^J! 4^UJI ^ ^jjUuSII CiliUaV! c«Ujj .» jjjSJ! 4j1^I j1 j^l 

iljLsai jaII JjaJl JAllI ^mm Jjl\ JjS JjKll 

. Ijij^a ^LjjuoC- i ■ lilaJJ AaiL (Jj3 ^JjjjjjI (j-ajj ^ J^J^ J J^M - ^ 4jj-a^JI -laJJJJ 
2.0) 5 gpm/sq ft (^j 3 JU-a S^lc L_ajj^all aUa £tuijJ fUAL^S CllVi«-a OJ^ 
<^Loia Jj2 jli ^gic. ^aijjjl ^Uaj] ^j^. \ ^i\l ^LaA^aoIl ^aliajj .(3.3 1/m" . S ^gJI 
<JjasJI J.oJt-a (jc Lruai Aialowi aJIjVI a«.U£ jl j)«a ^C-jlLj .AjuAia AjLda 
t . 1J>u"n .^jjij-all j] \r . ulJ i ■ 1 li aJ ^JajJI j)-a * Jj* ' a ^"*^ \ i\a jl V] * A j^jljj-llgJI 
j^a gjlill c-laJI lilJjS j <4 Lta all 4jI.1i ^l 0 jjjjIi jU-aJI JjjajI JjjoixII c.La (j^ajli 
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(jjljjaiC. Qli (JjJaa«all J-iVl ^"J^ L>"0 £^ *-^L ^"JaM ' "j^Vi 

4jL^j]I jaJI jjSjJ j <— ajj^all oLw ( . iLlouV AJ^lc l_Sj Ja djau (jjalljia (jjjj ja 

Cjl^LiuVI Jt AiLj AjL^II J jJl JUliill ill jVI Aa«j .24 hr c<aL^H 

JJC ^^.jLi. (jja-ii AjC jj ijLiaal jla La _iaC j .<HajiLabttll ^jjj^all oLa (j-ajL-ixi. j 
; jj^l JolajJ <-_ic-j jli t4iLua l l AaL^all J jaJI Ja 10 mg/1 Jj 5 ^i-u J^J^ 
Ajjjill A\\y sy\\ J jaJI j^JJ ^Lajaill JLaj£ jjijj ^uijj]| (J^Ujjj jl Lo-lic i ■ lau3 
JfLiJ! -5 mg/1 jj-i La Jj £ jUJI J^-ill J 4ila-all 4aL^»ll ^1 jaII ( 'ojqVi j 

2-) J^»*\l Jjjllxall ^<\-\ <\\\ Jli; t(jiiliua (jiiV iij^a ^jlJJJJ ^ft~> rtl Lj^. Ijlaia 

ci^l 3 mg/1 Jj lL^u! Lujai 30 mg/1 J^Lu 4ik*ll 4jL^1I ^aS t (c_,13 

aLw ^cjJa Ajallall j 4jjjLMI (jilaJLuall .99 mgd aj-iii -< j <\ i .-i* c_sLijaijl 

.4 laa L_aJjj^aJ Jj J^al^ll £-a (juLajll (_)^aljaJ j ( " ll -> ui j*all (JiaiVI jaJ 

ft L^jJa jc-j 28 ft l$-i-a <JS> JjJa ^Lu jJ'j cjjjMall elsL^ui j^ll (Ja l£J^ 

12 in. IgjjUJS jll (j^ 4iJa jLu (1.0 mm) <— u^i jajVt j-a 24 in. lSj^jj '18 
i—iLu^jl .LJaJ (0.45mm) 12 in. L^jjUJj ^^aJl AJLJa ^ (0.45mm) 

<_! j , i i I <\; djLvjIj-all (_L**J . JIjAj jLa "SjjA (J^jjoC. £»a 5 gpm/sq ft ^OAj^aall 
Jc- (_J-a*J j\ jJ <Lil j3 ^Laj^a 4 Sajoil jj 4j ^ Via £aj jj-a <_J.i*-a 4_w_Ja _aJ sLfall clulj 
^£aull ^»JJ (j^l J t JSLoui ii^a J;ijaiC. jUaj ^Jj^-a J^l c30 in. ojlaii «.\ 
Ijao .^jS^a L-ljjaiLi. aJojjIjJ (jjJ^Ailll CIiL^jj^jaII Jj^all Jj i nir.W Aalljlall jLaiLuJlj 
10 L^iajC j 12 L^LaC- ASj . j <Ljia Clll jjS Jj JjKJI ,*-a (JjjLuII ^pal jawl 

s jjill ljLwuI J 20 min a j^a JalaU j cJJ'jL 4jX ja jj .500 ft L>S jJa j 

sj^a Jalali.1 J^' L^j^ J^J^ 'cH^*^ L-H^ <_LJj<-a Jj i-Jj J > ^>MI (JjS 

jlow (jj J j cAaUall 4Ja^wa J Oijij oLaS oLull J.iVnul Sjlcj Jja min 90 

24 hr a^al Luj=o ^jjaII J;UuiJI oLaj Jalala.VI cllljlji. j^jj .^IjiJI AjJaLjj 
^Jjll t .-ll.AMijl (jx %7 L&^J La cSjjaII (Jjuiir.ll i ■ iLiuuV (jjjiwa (jJ-aljl 
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*La laujubalt oLiaIIj ^ifJ^J t J-al! (Jj > l— ila * .n AjsLjaVI dll-ia-all (j <\ > hHi 




Uliu t^Uus oill Ajjxtl »UaJ1 ijjEj 



t<£j"»"i.n\l jjjataJlj cJaijJall i^lajll ^Jjlijiill Clsljjiall (j <\ y aJj 

La \-t~i i 4_JC-jl ^ \l JaLujjVl ^l.^*inil ^JJ .6 Jjir i AyWn <\\\ 1— il Its ^ ^ 

JJC. t^uij-all -7- ^ (j^lfljj JtilLj t(Jj]al #.1^1 j^C j Jc-I -2a jitjJa (jnWn ^ > nj 
UuJa j 4 till jj *.l!Wn lilSi jl 

JaLoi jl Clll t Mi^a ^3 1 JaLuijVI ; ->7» "s j ^Umll ^LaijjVI -J * 1 4jLuLjj 

JjmitII <auJa-a ijiuii lilJjS 4£jaJLall Jjmi^II i1iU.mij* tlLLali ^S] .<3l£3l 

1 ^ "11 3— » tt "1 (jfLaj 4jaal el 3^ cs-^j ^"j^ JaLmjl ^joisj .ij^a Jjiuiij ^.ftuu La 1 12 in. 
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^•>"» J f J<" ■"Till f»">*^ (joj 4-0^,1 ^<J| ^jj . j^Sall j SjjjfUl 4jL^all jl j-all 2J jj 
. J}^/ ^jWi 4aa*J i_J-«sLj aUaj jj^i *-_>?*^ * ' ^ ui^ail 

^jLujo ^gjc. j* <jL-all -il jsA\ 4j nil aall JaLujjVI Cj| jj CllLaJo^all Jjjj 
JfLuoJ 4iolajj <_J^*J <^ (J^J^ cs^ - ^Q»"'^ "r^J^ ^W?"] ^0 ' "'^ 

<jj£-<s AjutlLa Jjioiu AalaC. J t'o-ia. jll LuJajC UdaLa 4-13 J^*^ J$-^J • ^ .>• 
^■La.^]) j| (jjlall j,a ClAjl^a. ^ 0.1a. _oll l_u£jj (j^Laj . Jj^a (J j * nr . j ^uljj ja 
f^a. J JjjaII Jj i ni.W i—lLuuiVI ^ ClsLaJjjAll si^Jj . 3V jill jl 

joj 4i^Ul| 5_13 jgJij .AaLjll JaL^jVI CjUoijAJ AjJJLa Jal JlaaJ 

jl ^J) "-liLiLnll . 4 afca * ^jjj JoLajV j (J^-W <j£ (ja^il Sjj£c 

(jS-iJ OJJ^- cs^" ^ ^ a " ^J»"^'^l iaLoijVl ^ifj iJ^-W ajJ^" 
elsLauIi^a j «4jUax1I 4julail j t2.£jVi<^l jjjyuajl l^jj (j;ia. tAjJaii-La (JaJj 

j^II j* oJjl jla JJ^IjJ JtJ*-V (^C-^l J] ^jlWiVI <— lli AjJ.uaJt JaLojjVI 

CjULuLl^I J <LaJU-a]l j* ft!-^ djLaJjj-all a 

jal -^J^ alba ^3 tllLaSa-all b <)'u Ja^J j CjLa. jjjall 2J( jV 

aa^aJ Uuj diUa ^-3 a j .1-13 Jj iaJI ^ LgjlljjiaJj M-b^-Sfl - j " ■ a2 jjlj3 
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4 i£ (j-uiUi ^ui j-a J3.J fjua j*JI jJalall j^Jaj (i) <jJuUii jji 3.1* J JjuijJ <j*<a jC jlalal jjala :4-13 J&uill 

j— frlaj J—Jaia . JjjviSS Ja! (> 5ial>a £il Jvt htv . al l j^ki .f US ^ £ jtf jill <> 4jL Jjaj* J>4E ^Jc 

Jj jaS Jxuixl) <Ulu<aj Jili jjJj jujj jaS jii (^) .£ jLaJt ,jijjit SUa ^Jj A^la i-tja^ JjaC jf. j nja jil] 
JaliKVI jiu jill <Lli^!l Jl jaII j jl»S K^e& Jl jaII Jjjj Jj >a J^uiC ( j) .3 AjLal\ Jl jaII 4JI jj 

(Courtesy of Aqua-Aerobic. Rockford, IL. :<> 4ial>«) ^tuu 

j3jLu .(^jj^J-a (_3j3 ^Jjoijj] IjjLa UaJ UaJJi. 6-13 <_K^ J^-^J 

J! 0.2 mm U jii ^Ul 1.2 mm j ((^liU jiall) 0.8 mm u^^j 

Al^a CjI jjajI jj <> ^ija^l L_aUlVl c_j£jj .AJUJI ajj-vJI JLalu^U 0.4 

J^i Jc <Sj^ lua. 12000 cA^Ji .7-13 JLSB 

.^IS^Lj L_sLJ^I CllLjl^j ^ailkj ^£ ^^joi^jjjj £-<u^3 (j-a ^W- 1 8-ill. "UiajC. . >i 
oLaII ^jJaJ .150 |J <aJia -I l^Iml j Ajiijll oLu> aLjC- ^JJ 44^jj£]I Ajij!j]l c_ajiia]j 
jaLaJ! dlli^jll (J-axJ 1 aJJJ < Laa i alt (Ijaj (_Ja»j ^^lll jja alt AjjIxa]! lIiIa^jII 
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."^jLa. — — Jib" J "Jib — — £jli" La] U^WjIj A^oC-SH ^jjJ 
^ L i alt ^^Ic ^Jjaijil! Cllj-laJ jLaJJ ALj^al 4jj«aj Jib — ^1 — ^Ji Aj.uiT-1 jtLaJ 
4.i> fi ] f -l ^liaJLailj <lL^all jlj-all jj£ljaj ^^"lll ^JJ jl ( % 1> jj frLuatU ^^jlill 

J jaJI jijJ AaJjj iiuiiVI jl 4 jkSI jLp jl qa iaJl tilli j l£ jli - - Jib 

lltttS CjUJijAjl J-a*j3 tjib - J] - £j1i Aojj&I Lai .s-LiiJI (J AjLall 

JSjjo cs ifr <La.ila3l «.l j$ll CllLlijjj JfrLaU all »LumlSI i_ j^ajJa e^Li c_s jjia 

4aL*a]! jIjaJI ^Ijpjl JJC lilli j 4Aiikj pLLl] ^^Ifr Ajiijll alba j-a^ia CllUjajj 

ojlcj £-a ^^Ja^aJI t_lLl».iuVI AjauJaj ^al-liLjAj 4^J\jt-aJI jla-ij j£-aJ .^jaij-ajl (j-a 
^ jyJ-a jA LaS t^aJj.I>.n<\ll 4jlgj]l) j-aJjuj-aJI t_lLl».iuVlj ^JjaijiJI AjxjJsj ^fl jl JJJ.JJ 
(j-a jjjU-a L-iIaouU IjUJ L£^>-a UjLoil jjxik^a-ajl (j-a JJJ^ll aujjuijj .8-13 JSjoiII 
lAjJoijl Ijjil J l(JJijliLa tlljij .jbkJ*)/ lilljj i^^gJfrVl (j-a Ijj^il^a lAjJodl JsjuoVl 
.Ajtij^all A ajSj iajjSaJI CIiIjjS, jl Ajjie-VI dljlj C..JJ £-a LliJajfr 
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(Aqua-Aerobic, Rockford, IL. <> AaJiUa 
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^jjjjall Ja»i dlijJajj 4-ilia - - J a i flj (jJljS :1-13 Jj^ 













aswji 


5 gpm/sq ft (12 
m/d) 


95-98 


»U t> r u1 10 
150 Psi J (^iU) 
) (1000 kPa) 




jIjJ All J 

a .1, all 

Ljj^Ij 


0.4-8 gpd/sq ft 
(1-20 m/d) 


95-98 


5-7 Psi) 5-40 psi 




Alljl 

oLoi jjjsII 


0.2-4 gpd/sq ft 
(0.5-10 m/d) 


80-95 


15-60 psi 




*sj 

(TDS) 


0.12-0.4 gpd/sq 
ft (0.3-1 m/d) 


70-90 


80-200 Psi 


CAP 




0.16-0.33 pgd/sq 
ft (0.4-0.8 m/d) 


70-85 


150-600 psi 





8.0 ft/sec Lfc jjS J jla all LuJ 4£.^joi ^^Ifc La _iaO (jJajTimrtll i—lLuouVi li^J 

JojoiiJI j .^ojou]! 4 A > oil J jaJI <_ sj^-j t*Jj3 (j-a jfLajll (2.5m/s) 

t^aj Jal 4jIaC J^Jli. Aoji&Vl (^k. f^ljJJ ^1 CjUjjjaJI <ll jV (JjjjjJa 

t^Sj (Jjjx (J^C- 4i— aiui :4jutjia djljlxi. ^ (8-13 (J^ 1 ) JJJaM (JjmVll 4iajl 
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^talL cJ^j^ t'o^jll ^JJ^II *Si-^*^l ' ^l-noll ^)f?>J . ^Igj J-ii.iiT. j 

^cjUII c-UJI ij-a]l (JjjojiJI ^> laJL aj .^jlalVI ^Jajoi ( _ s ^ c - (j* 4 ' " ^ Ai^?*^ W^j^ 3 
^^iiuJI ^JajoJI (j-a ^ (J rtT , "l > aJ j p Uuii l clsLjjjjaJI (J^j^ ^ ' i£c (Jjj-uE- 

<ll J ^ SjcUaU (5-10 mg/1) j£ ji jjK J jL^ UL^ .t_iLft] ^ jLJIj 

(_5^iu . < — sLllS/l L_sl£ ejjH j^o^ij ^SiJI Aali. ^,<Min .4jjjJa»JI jIjaJI 

jjK y 4JI jV tdli j t^joij cja jlL y^W-^ JjjaII J^*^ c5 J (j-ii"^ jJ=uJ1 




JiaJ jjjSj .OjjSj->0.8 jlaa lJu] jjc jlaia (S) .^jjiwfl JjjS i_iU) fUiil SjjLa j>*3 :6-13 J£i 

(Pail Advanced Separation Systems, Fast I— fills, NY :<> ^ >-»Uc j^k. ljJ 
tCaL, tcUj) AjL^II ^1 jaJI Ja ^Uuljll 4jj£ iljjljll j .il-WiVI gJJJ 

jn^u pH Jjla-a JJj-^j a-ilc-jj <La.laJI (j* s^.jll ^1 jij t '«j)Vn\l j <\ 1 
ji n^n ^3 .Ajuir.VI (jA ( . 4jjjJa*JI jlj-all 4jI^V ^j-pji 

.(_! jojVI ^"nl (g '1 tj-a (_J^ <_Ji.lj ^ lOj^ail (Jjlill JJC. jail ^ ijjltijai ( *jJa jj 4jjc 



1036 



IfrLujUlfl CllAJ ^^ill lilij L_ajj-£al! sU-a A \1 » a j ^joiSjlS I g > Till dll-la-a 4jUij 
<j AjLuu> tAjL-all J jaII <jxs J^yi L_aa^J Alkali 4jaJU-aJ! j .27-7 SjSiJt 

L_LUiijJ Laj t«j*yi*]| ^aJUJI (19-13) J^kj . C5 juA«JI ^aLliJI 

•C5-j J^J^ ^"J^J t ^.).'J.'* > JaLuojU ^Jjoijj]! ojl&lj njji ii jlill j t J;1?JI 






■ , 









tg jjiw jjS JJ«jJ tjUli (| jaj Jala yJc <&ja laaud CilJaj (!) jj^jj uiUSt 4jjjSjj JjI-Ij :7-13 J£m 

(j) .j.lSa.VI tp»*! litflaj {tAj-H <-M Jbi^a Sj»j Cbjis- (u) .(by U.S. Filter JjS <> 
(ji j i j a 1 j,n i ii Jj£ <j» j ^jC Jill j <_iU&! Aalj ( j) (j* 3 » j^W - J*!l <-«U& <j!aJaaj 

(Zenon Environmental, Inc., Oakville, Ontario. Canada :i> ^j-) ^jj*2JI 



CLiLi^^aJI (j-a 4£.jILa 4£.^a=*a1 jjVI JJ^JJ j'j^ 0 ^ Jajuolttll ^J-llaJI jjJjSJI 
ds\_£jA t_u^ijJ JLua.1 Jaliiil AajJa^a. dslaLjaJ a laJj * in j .AjlSai&Ul 4jjjJa*JI 
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.4j|ju]| <jL all jl jaII 









A to C or B to C 




A to B and C 




A to B 




CtoB 




C to A 








C to A and B 




A to B and C 



• ('£jli - Jib" JJuiu) J jia (Jul j»|jaauib cjLuuVI JaLaJV 0 )*ijtT%' <ji jc :8-13 JS*i 
jJI (>i B CiJxj! jSj ijiuijSiui Cj A Ubul jjSj l'ijij i<Ulia "Jib 



CjUa j^l 4J1 jl 3-13 

dlL >i jaaII - ■ j c4jjl^)JI dj^Ljaall ^)0C. Aj^3t»a]l (j^alj-aVI j-a i^^i 
jl.Jj.illj ttliLuljajVI J tUjn^l j tC iLjjjjjAII j cA-jjg 7. a\\ ClAjjjJaxll ( tlii^f J£ 
^Jc l^a ^jlfLai (_ajj-a oLa ^3 I " \\ 1 >i jaaII jjSIjjj ^Ijjl .Jaj*j .AjLilall 

.1-3 UJ-^?-ll ^■J-J-* iS^-^ j^^T (jg^ 4jA.ijAjll dAjJajAAll j . jl^jojl 4 -s 1 <-\ 

.(*Ub jmaII ^1 5-3 S jSill jjSfflja) 

Ljjj£j1I <Jj3 ^gi 5Jlxi ajjl£ll (jl jjA ^C-jlljj . .Jj.Ja (JjjIaJ jAj\l 4 jibu 

AaIxaII 4jL^all jl jaII ^ dlL >i jaaII 4jIa^. jfLaJj c4jjxa!I i " ll 1 n jjjill l)j1t>"i 
j) . (4-lIi^all Jl jaII) ajj^tll AJI jj Vjl ^-Sjj^ill £>Ija j^JJ j] <4jjJ*llj 
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AajLijja ^ti^Jj 'JjHjj 4-a jlLa 4aliaiall jl.li.ill jJJ j CIiUjI HjV I CliLoUj^ 

jl jx f^^Wj -^Luic. ^JjIijj jl JaLujjl ^uljjj (Jcla ^jl J <u£ j/'^"' jjc. 

AjaJajoill fiU-al! ftltoJ JLa. jA La£ JO^a jac. AjjIIj AjsJIxaj ^jjj^all aU-a ajtoJ 
C_iljaj^a3l ti^Lu (jl V] c(l5-7 SjSaJI) i_Jjj£ll aLuu jjg ViN 

jli c4jjx»a CllLjijjja LS i& AjjLaJI (-jjjy<all oL-a ClllaSJj ^hVunI o^lcj ^Sj 
jl£ 4a^a*J-a JJC. (JLaJUxuVI ojlcj jj^J j . JJJ^ (jj^ olcla (_£jjuu]l (jjiLaiill 

La£ iaJ-aaia jl c4_}3 j$HI (JliL^I £_llaJjaiJ jgj JJJ" ^ILa aLul\ ujjj^aj 

AjujIjJ 3^J^ (_K»a»La ^* LS^J ^ (jjialiall j jjjjLuull (_£J ^3 (JLaJI 

4j-s , jjlj.il! JjS j-a IgjLuIaJj dlLal JJjall jj ^-^J LS"^"*^ fj°**'^ 

. jjijlaol (jjj] 4j«_LlLa 




illjl) (jjjjk JtkijJ i(pH V* 3 l>) cr^ flJil-W 4^J>»j 

JakL* (tj) ty^aSe j*iaUjj nj*"* ^-^l CiU-i j-i i(4j>Jae iSljt) jJJJ* tiUJi >« 

( j i nSt . l t ^i^lntt jjftu 4->tlt,iS ^Jalyu <jjLiG jil 
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(JjjjjjS <LoiI jj" Aiajuil La] 4jA > .nil Ijj^a jJ ojjIj IgJ jajl 4joil (-ll^aJ Jal 
<Ixa-a (jjiULa Jc- oJ^tla 4_£^ 4^Jlx»a A <\\\\\ J djLaijjjAll AJI jj oe.li£ "Ljj-ajJ 
£-a 5 mg/1 lAj^a AjJaii-La 4juu ClAfc^aj jjJuLuJI ^.aijjJI ^cjtjjll (j^aj*j .4_UJ^aj 
(J^at-a .^_aljj}| (JjS, ijji ii jj elil.la.jj c jiajj t(_£.lilaj ^ )-»-•> ^j- 0 
5 sj^a jjlS JiLa t_jLujdj^U iLoi jl ji. J ajjKJI j c5 gpm/sq ft 

J iliLu jljall jj^JJ ( >3jfla^ . jtjc-L* lgj.la <jJ-aJ ojjS .1*j 10 mg/1 Jj 

JUifrl o^lu .100 ml JS^ 2.2 jjJ U JO £jUJ jissll 

cJja l_s j^l 6 L^ Jj .-isj.-nt Jll JULVl JLi djUjjaa 2UI jj Jc *iifl!ill 

ii cjLuj jjaall <_y=»*J J^a jl J <jJ j-lU AjoujjII CjLaAlslujVI ^JJ^JJ .AaJUuaJI 

4jL^]| j-ail <lljj jl£ 4<liill 4iLjaL ^uijUl jjJ jl Jj 4^aa*a]| l£U. dj^. 

j&Ji jL ^laaLaiVi Jj 4iU^aj ,^-jLaJI (jSlill ^atoJ £-a (J^JjUJ jll 4lLua3l 
jLaJI Jjajjll J dlL njjuall JJ^JJ J sJj^iLu Jj^ ^'.'"'"^ JJ^I 
^ j-all j .(Jc-li ^jS«J Jj JjjL^aJl -i j\ i ii (J ^nil isjjlSJI ijj^a. ^ <\ i (jl t_J>aJ 
t—lUjoijl <UL I'm tL-fi^j-aJI elxa £-a JjK^I J jla-a Jala. jJ-aW ^uoiLa. j-al £JJjoJI 
Jc 4iaaLa»a]| ^jjj .Ajjilaj >\ j ^ijja eljS o^lc jAj tjjjjLodll jl ji. JJC jlui 
jU .6.£j-all jiiw £-a JiLall Jjl^U 4jfLjLa jj jl j-a jjc JjKll j^. 

jlj (J jia-a 4iLjalj jfLax (illi jli jLaJI (jaill »J_J^ ^ jj L^JJ^^ 1 ^ 3 ^! j* j^ 

10- (J^^l J jff 0 t^ibu ^UJJJ JJC- <JJ^Ij «LaJU-a jl=uj ^fll 

(jjjjl '(JjjljJ i^J^) Lyj^ ^ * ^ ^ " J ' Jjlj-^ <^lUaa-a diuj J tl3 

oj^a <>1 4 \\ ■> ^ c ^ \ . j i njH sj ' jjjlj jjjjj "^jj^ 'Sjjj^ j^-" 1 'l>^j^ 

^JajoiljJ 4 lini'm sLa^. A -\ \\ *<\ j* dlllLa tijjlj (JS^J ^"J^ ^ -150 Hlgd 

aJoj-uI jjj t("ll a jiin^ J tdljj lJ^J - 1 " U ' 4jj£-a 4ja. J^j-a JaLoijI 
J^x-aJ AJoaC. ^idjJ (JJ^ll^a diUa^-ail jlS ^al .is.la.lj A a J Jufa. jjJJ^ 
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(Jjj-uC. A .nh'il L^JS jl£ La£ 4(_Ji.ljlll Jja.Jj]l l ■ iLlmjl jlaii jjc 4j -^->."»^ Clljlj ^JjIijj 
t ^LlxU^JI jn^'ll (_J^.I j^j » lSj ' illjjiluil £-a elj-a — #.1 jA j-a AjjlLa .JJja 
Lu j9j 4jjja.S 90 juLaj]| (j-a j Jajj j!La . jJ^J-a JJt J^J jJ j 4juj]| AiLjaj ClbaJ 

j! jJall <Jja AjII J CjjLjj (^ill j 4 5 mg/1 ^14^ JJ^ Jh^ 2r° 

iajujjla jA LujjiJlS ^ oJja. 4jC jj Cjli 4 1 > .on mi a oLud jLiJI (jSJoll jLw-a 

^ Ul laaj t«Ujj dOO ml ^ CjLu j] ja 2.2 jjUlj V ^ jl jSB j£jjl 
djLu jlja 23 jjW^J V CjLu jl jail jj^jjJ < jr ^t i»> j jLui.1 ^ <j jj-jsj 
J 2 NTU sj^a Lkui jia jjUli V SjjiJJ !k j "J\ dOO ml 4a£ 
Ca^J cjLWll Co- jail j5l 24-hr Sjla j> %5 t>j 5 NTU jjL>b 

ojjfL*U ^-jVI -laJl djjjlajj llll m II j<s A Lj . >i Ajjla 4jjo»j £»a jjljiill 

(jbacl (jJI IjUIujI j .4j jl jj ciiUj j] ja t al uSSI Lala j .AjKjI djUjjj jill 
4jjc. 590 lI*- 3 ^ (j - s-^lj ^Juc. djjj^l idiljiuj 10 ojja jjc. t " il . h j jjal] 

Ajijjui dlLuijjja j^jic ^4 -\ mi jail (—ajj^all aLjx j-a 275 gal 4jjC- (JS Jajoijila 

.(Coxsackie B3 c3^j j£) 
&Lu*jI Jl ja!\ 4}\j\ 4-13 

jjSj jl j t jLouVI ^gic jl <jjU1I oLf^J^ ^ic ojjlxk a\AjJl\ SjIaII jl 

o-iLaJ! Clll jjjIjIIj Laj 4 l-i n ja Aj<\m\l jj^J -iSj .AJjlall alj-aJI li jj«-a lAJ j 
^jjiJI ^£|jj]| jjc. jLauVi t^c- il^jaj dilij i II (_5ic. <Lajall tllljijlaJL jl 
J-al jC AyWr al\ JJC. j 4jtJjiall djlj^Lall J j=k j p,lSj j] .4jj^j1I CjV j^Lall ^3 
j^aljaVLj jl 4aiajuJLj La] jLauV! ^jjl Ajmi'iHj Aj <\ i nil JaJJjJ ^3 .Ljajl 4-a^-a 
a^La 100 jAljSI Cja^all ,J CllA.jJ Jfl j .Cjlj'jLall OjOaII ^g'uiVI JJC AiajJI 
j-a Igjl ^^ic Jja. l)^-^ (JP Uj-iJaa J j .oLiaII Ajajoi ^^jic-Vl CLiIjjIaJI Ia jLuC-L 
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min 90 ^ £ jli jsjj 



5-7 mg/l 



0.01-aiOmg/l " 



2.2/ 100 ml 



j»Uaj ^ <CaLai <U&1 ') > <n j| ja Ijjjja lilli ^)ii*Jj .^jjj^all alo<a A \\ ■> a 

j| jaSI ^jJc jljlaVI J jljl-».^Li luja. <LiS3l j-lL^all JIjj . jjjU*aJI aUa £Aa. 

J^JaJ (jjU-all aj& ^ja \p ja. jl JJC. tAjboijlall AjjjaJI dilj-lfUl jl 4 iL 
^ jj£3l J f ja-aiiJlS jj^jlixJI <>a*J 5JI jV AJjlaJ! 4jbaull Jj^sj ii j jUJI Jjildl! 
<UIJ (jc 1.1a. 4jjla i_jbUj jSjjjj .%70 J^JI J (J-iL-ajllj (jjla-ill j 

J2>.\ <_Ha*J L > <~>ij 'LjJJa. \ g ■ >r> i iil£ajj .iSj .4-aLaJI 4j_ajJaaJI CLiLS^aJI 

. 4 Slat all <_ajj^all a La <J «la.jj cluaj Jaia 

i — a^)j^aJI alo-al AjLuoia <laJlxA £a AjjOaSI t—S^L^all aLlA AaJla^a] ^»UJI <— a^JI jj 
(jlajaaj ^jjSj j ."UIaA] (J^aj jIoia ^jJI <aLu!I CIiIjjIaII t jjSaj jA Aj&l'u^ill 

ehtj Ja& fJJSJ <-A ^-sI-IaVIj . JjVl a jlaaj jA <aJU-a <iaa-a AlalJI 
Oj^su j t£ jUJI ^Ull (.1.1 mn ^1 ^aJU-all LJ jjc gja ■ ^i"i j Ojiaa] 4 ka 
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4_rOlo L_il$.l ja.j jlajlj 4<_Sjj^»3I elxa ^ Ia jAj^a^a 1 g r f'\ j AlaLJI jl jaII 

• ^ jliJI Jjajjll aIajoi t ajjajJ AjjjAxa 

Ijj V] 1.1?. laK-a tillj jj£j jl j^J 

t_tajj .5J jia-a ^LlJ" <Jj jV Uj ja.j J<\Vn jl jaII Clul£ 

4X.1 i.^ll jA Aijllall CjU. jjULi 4 K" J* ^ J"*^ *^ "M J^' jliii-VI jj£" jl 
JAJJ jl ( . laj 4 Ija£ <Lal_udl dllj jlall JJ.laJ j*J j . Jj jl ^» <\\l al lajj *La la n\\ 
t^'u <i<\ll ^^cLl^all (—SjjL^all alj-aJ 4iuuba A^vJIxa jjjWi; lillj j Ajjli j Clllc.1 J^j 
ojA aIaj^aSI i_jjjxJI (jl .4_aJlx»a]l A <i (.jjjjksJI oLia <aJlx»a jjjataujj 

i ja!3 jV^\I *! jj 4ajU,u£]l Cj! jLlkVLi 4Jia2a]| AjLkjJI ajjILJI 

.SjiLjalall <aLJ jI jaI! CjIjUjI j ASun'SoSI jjC. <aUI ^uLuuill 
^ill j t^jlail (jSJoil AjjrJI 4j3Ija1I jjc. AlaUl *jj3j1 AjjlaSI 4jjUa1I a4J 

Ajjj (—ajjL^all sI-ia! ^jliJI (jaJull Jj a I alia 4jjIa diLjjJaC. (_^ajj*j jjc. 

^ jliJI (JjSjjJI ajj tojLaJI AjaauI] J jfLuJI jlilk^/l Jj .4jSl ja 4jjli-a 

sjaI 4j2l ja J 4_ijLaJI hqVi j t(jr-»t qll eliLijjJaC. t al . 2aJ j cAjjii-a diljjLa. 

4jC jj jLajJal lillj j jla=k-a #.La ^ ja jUli.1 jL=vj] ^ jl jjJLj all .24 hr 
jLlia.VI A it ^ iSji*- ^JJ^ 3 t^UAj .4jls.lja.jj jliliVI CliLjjJaC 

^ jUa ^J^- (jSjOJ jIjaLujIj Ajjai-all diUjLiJI Ajjjj 4J!>Li. all ti—iLuju^l jjc. 
^jic 4j£ja <hc o Ac ^jL=JI (JSjjII jj^Jj . jaLuaa £J^- l -r 1 U Ja "' LS^ 2 - *^V' f 

^1 jjl jbiiV 20 C Sj'j*> ^-?-j J >°J W^J^J ^ OJ^' JP '24-hr <jj-a 

£l jiVl jJJ t>J jW 1 ' ^W^ 1 t_jljj^ ^| jiV 12 C) *UI CjLjj^aC 

AAjLill AaaljJI fiUJI t_ J Lj J Ja& jl t^Vu.iall cjUjlaaMll j djLjaal] Sjj«1»1I 
.(Uialj) frLall dj jc-jjj -LiajjAll S jlall ^ 
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ajLc- LijaUlj .dll jixx 3 tj-a <Jal Aj-ilc. alia. ajaflJ 50 mm aj.ia J jla iajai jia ^gj] 
eUa. ajjAj 6 mm ^1 4 JjJa ^1 Jj^ul jajj tl — lLaJal l (^Jc. ^iiS CjLijla2 jc. 

^ jjcj^l ^ t> bja 20 ^1 10 jUil ^ . f jj 60 40 t> ^jl *±alc 

j|.la) j ;pH j iDO J tAjbLi. AiU& j cAJI ja "ajj^ A^.j.1 Ca^j aikla <— iLjU. 
CLuc.Ijj1 j Aaiajfall ajj-J] AjjlaJI I ■ boullj AjjjiJI jljii-l ^jtij (j£- JJ*J .^jlic. 

.aU^JI Oja ^^Jo CjjL JA\ «.lall 

,^a.jl=JI (jaiill Clll Laaal J jlal jliii.1 Clsl jjaJ AjJala AjjLiaj^ JJlaJ Ci J?^ 

^1 IgJ ^^j^aj-all jbui-Vi dlljjS .HaJ tAj-a^aJI A-l <\ i n\l JLa. tA.ji n VlA a^aj ^ 

djIjLlkVI ^ 24 hr <_£ Uto-oll ^jUJI <jaja]| aUa jj^j jjc j j 7 

aLw (JjSj ^9 .i—lLuujVI pill! ^ jjJJ dlljliikl ^ (J^*? j' t AjjjfLJI 

Ajaii (jc IjJau <L5laball aLuJI (jx 4s>JLja L&U-a jl An.'ii ^-i IaLa ^Jjiiull 

(NOEC) -iaa.Xa jjc. jiifcl! jj^Jj jj^Sj ^jj c^cjtliJ) ^jJI tallLJ j .cjjjuaJI eUo 

j-all -iau (—ajj^all aLw JJ^ji Jy^J^I I^A (jjlijj aaa^all jbua-VI 
J jVI JJ^Jjit UJ% J S^HJ .^IjaWJI oUaJI fuuaa. ^ Ljjj^all bUaI ^ jS/l 

<t jU JuU dJji ^ t(NOEC) t> jl «-i ftU*l 

AlaLull .il _^aJI AjSI jaJ ^gjujLujt jaI ^ll^all i_ajj^all bUaJ ^LuoiaSI <=JI*a1Ij 

(jSilll ^»LaJI Lj^j^aJI aLw (J Uj_aa.j jli tl j^bj L=k jjJa j JSI AlaUl 

^ajII A-ajlill j <\ i >>Ti j . h^. L jl jjJ jai A^JU-all dllixa-a (j<a jLiJI 
13j eel jill J^stLa (^g^Jjl (jjJj^jj^aA 15j tJjjUj-uj (Lj^Jua 13 A-aLoill CllUjjLail 

t jLma. jjij jb£>a j tCj^Ula 6 j tljuUal! Li^ja 21 j tt-iV jija 10 j 'l^J 

. Aj^)jJia> Clll Jjxa j 4 (jLa_ioi£ j-a (jU^^a j 



1044 



i-*j*al\ fiLw 5-13 

<(P04) CALa j3 jJJjSM <_flj^»] aLw J jjLj jail AjuUJI JISj^SM j] 

.LijjJaC 4_laJJ^a ( " lis i a j3j ^siLjjajai jiSI (j^xa^. J^**^ J^) djliuijS <J_?^ J 

.djlLjj jSjJJjS/l 4jjjJa*JI CIiUSjaI] ^jjjfLJI (J^ 1 ^ jl>^J c(— jljull 

Jljuc-L Jl jj Jji" jail 44jI ji L_jjju<a]| sU-a dlLS^all 4jJc.| UJ-^J 

l_yia\ i n$ I jjc jjiuijall Ajjjlall Ajjj^JI 4jaJl*»a]l (J^j^ .JaJjaull L-UjoijoIL 

diLi^ Jj AjjouIU (_Ji.l^ll Jja-iiil J jil! ^o*^ jj^- 'l£ 

(Jjjj 2 j ^Va"JI <aJUtA]| (jli JIjILj . JjjJall t . jail (j-a jj£I <jjJ^)^J 

.JiWI (jaJjll jjLoj ja (jx %40 20 Jl ja. -Lis 

^1 jjl CllLai j3 jJJjVi j] .AjjJ^JI jt 4jjUaj£JI dAAaxJI jjc. La$jll jj 

jl jji^JI (j^L-aLaVI jjc- i_ajju<sJl olxa ^-^j] (j-^JJ '^J^J^ i— ilijjjjall 
^^LaVi - ""' t<ajj£ eliliuij2jjjjl ^^A LlllLuj j3 J jail j . Jl_ixu£ll <_iiujjj]| 
^jJaljjll (Jjjjjaij . i"iUi ii jail i—Ujoijj J £jLi (JlSulj .l:.laJlj ^jj'ul^U 4aj^3ua]| 
AjjLuuSJI JlfLiSfl J 4-ljj-aaJI dlUljjaJI i_$ AjjLic. cllUIaC- j ^jg&dl 

ajjlibu ^ Joj jll ujjj^all oloo AaJUua jA jjiuijiJI ell jlil ^^a-^il*]! (Jxall j 

Jj^aj«£ 2.0 mg/1 J] 0.1 i>a ^J^JJJ (J^-W (jaJall J J jLjj jail jjjU-o a.U*ia 
CIj! 4jIa=J j .1.0 mg/1 — J al j^v 

4 Its ^ 526 l)- 1 -^' l>* j • *_>*^l ^ "> ^ T 0 (3^^ J^ 1 l>° J^^' cs^ Jj^" j 4 ^ ^ jj 
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. jjLoi jill aJI jL f. jij l^ia 99 jji 

LS lc bLucI 4_plc Jj^a ^jjj^j aUa] llAjj>i-a]| <-_u£jj 2-13 Jj-^-M J&^i 

Jiij jjjaM<JI J) jjLaijaJ! J^oi .(450 1/person . day) 120 gpcd 

4jaijj-all l " lis 1 1) jsl\ jj^awall J (_£ JJ^JI JaUiull jjaj . cllliui jaJLi LjjJaC iaJJ^aj 
. (Jjla-aJI Jj ^»LaJI (—Sjj^all oLlaI JaJjonJI ijji n^illlj l^i n jaj ^1 <_5^J L J ' iaC 
(J _olaJ lajj ji (JfLi Jj a jj^>")<i\l LjjJafc A \-i nj^all dALai jill djjlijj 
.4jjj^JI ujj^Iallj (—Sjj^all oLw ajl^i. <L>j.lj 4 jj^auJI 

mg/1 ^gJj 7 t>a t<l j-la-aJI |=aill J] taliLJ 4j]Ia=».7I jji^ jail j Vifc n 
(j^aL^alaVI aJojoiI jj jjLaiji]! AjjJ^JI AaJIxaII JjJJj • ' . 1J ' " J^i J^ c -6 
jjjjSJI j (jc ljuii'i ^JJJ JJ^" 1 J*^ (j^J 'L^J^^' 
sj^SJI jjiuijaJI jLuij 4 La jaCj >(l-9 'oj^ 3 ) J J' 1 . ChAiJJ^^^ 
[>a %1 Jj^- 4^j^>j^aJI oLuJ A jajjiialt oLa^JI <LaJU-a (jc ^ajljll 4jJaj\ill AjjJ^JI 
La J) 6 mg/1 (>a jjSI Jji*- jill (jV>q-s n.n lilli J) bLuJj .Jxmlaball BOD SI 

aUa 7 mg/1 jJUll jji^ jill j ^Viim lillj ^iibj .5 mg/1 jIsj 

.Ljjjs. ^ILuall £ jUJI (jLCiJI J 5 mg/1 J) t-a j^JI 



1/person . ) 120 gpcd i jUU ui ^-a cjLjLali ^jiill c-u£ jjJI :2-13 Jja^ 

(450 day 











(mg/1) iS 


30 


120 


240 


ss 


30 


130 


200 
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((jja.jjiiS mg/1) (jj^-jjlill 


24 


22 


22 




2 


8 


13 




26 


30 


35 




(jji^jiS mg/1) jjijjjill <_5jia-« 


3 


4 


4 




2 


2 


3 




5 


6 


7 





1-13 Jli» 

t ^ jjJafc!>UI jjLoijaJI £JJJ c2- 13 Jj^aJI aUa*-aJI ^aall ^l^iiujlj 

jjiuj^all jo* .4 LxuLLa SLaaJ AjJjIsj A -\ 11 t<\ <Uaa»a ^)jc. ^Laa-Vlj '<~ir\\ j 

(jl (j^ajjal .%100 5 (_g jl i u (Ja-U Jjajjll jjioiji (j-a Ajjxa 4auu£ ^Laa-VI 

%0.9 j 'AaL^JI Jl j*M %50 j BOD —11 %35 ,jJLu J _,Vt JfrjJ *ll J 

0.40 t£ jluU (F/M) 4-ajii (J^l ^JaiiilaJI Lj^j^all aLaa. j»Uaj (Jaju . jjLujjal] 
L>* %5 JJJ-^ 4aLujj]I .Iwj .4 SaALaJt L_S^)j>-a]| oLaa. ^ jjioiji %2.0 iSj^J 

240 = SS j ^ ^2-13 Jj^J! t> JiU cjiiSJI ^ p l.ikluL 

3 (5 jjJaxll jjLaijill c4 mg/1 ^jjJac!^Ul jji^jill t200 mg/1 = BOD cmg/1 
SS j .30 mg/1 £ jUJ ^jul! ^ BOD j SSt> l£ *-ufl £l£ .mg/1 

. Ja.1 (jajSSI (> 120 mg/1 AjI jSH aJL^W i jaJI JjSj t %50 UjJ 
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0.009 . 120 = 1.1 mg/1 ^ jji" jill t> 
d30 mg/1 = BOD cl20 mg/1 = SS <> JjVI jLkll JiSSB 
jjLoija]! jjj-^ SjIcJ Jl 4sLsa\ 4.0 mg/1 ^ c£ jj-^c-^UI Jj^ 1 

jj£ jj ^ 1.9 mg/1 (^ jjJjxS I jji^jall ( kjiaJj j t0.35 mg/1 jl-iLu 
. 6.25 mg/1 ^Lj ^jVI jlill JiSSlI ^ jjk- jill 

:0.50 l5 £ t 0.40 jLuu (F/M) <<ua ^.ilj 50-11 J^M c> J 
W s = 0.50 . 130 = 65 mg sLaJl 4jL~1I j| jJ ^> 

^ jLoU oUaJl 4uL<aJI j| jaII ,J 4\\>st\\ j| jaII jjiujja (_g J1"» a 

0.02.65 = 1.3 mg = ij ySa*l \ jji^jill ^ 

^ 6.25 mg/1 JjVl £ jUJI (jajSJI JWV 1 JJ^ J* 11 6^ 
4.95 t> t(Jil^SI (jaill <-jU**jl bUjcl) 1.3 mg/1 <Ua U. jjJ=u» 4jj$j1I 
J jiui JUI ^jUuuVI J 1.3 mg/1 J .AJaawJl £ jUJI (ja^l mg/1 

JjLSill t _gi 3.05 mg/1 l£jt3 (AjlaJI jaJ lillfrLaball ^jjJaC^UI JjLoi jill qa 

mg/1 SS = 0.6 mg aJo^aII £ jUJI Ja^l ^ ^ jjJaxll jjL* jill ^Lj •£ j^JI 
SjLoII ^ [5 jla^ 1.3 mg/1 oj-a LaL^I Lj^-^ I jji^ja u-^J <0.02 .30 

(jja-iill ^Laa-VI jjLoi jill JJ^JJ jj^J 1 ') •JjjJ-al! <ji AjLujj ^>jj ^1 AjjjJaxll 

. JiU JLGl! JjS J5 t> %70 ja. J c4.95 mg/1 <La^il £ jUJ 

^joijJj t Jnnj (jl (j£-aJ Pj tSS 'BOD ^jS Ajjlj-a tdlU maj aJlA qaj 

i 4i<ua djj^i. J JWVI jjLuojall <jl£ Ijjj .11-13 Jj-iaJI J lulu 

jiL.^ jStSfl JiSill %20 j %15 J jVl Jisill All jVI uj^ j *%100 
Jl I jkij .^SjVl JiSiM jji^ja t> %70 g J 1 ^ 1 l^^ 1 C ^ ^ 
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A l-)^. *\\ AjI^j Jj jl*J jjLjjjall <_H3*J jJ-3 tAjjIjA^/ i— a jja Cli^j jjAj^ jail 
eliljaij jli ^iMbj . (eg J' ^icV^ j^aSLuijS jJJji a jji ^aj <L^.L2JI JJjJj "oJlc-j 
<]| jj dil$.lafL ( nm"n jl jfLu ^ilia-all AyWt Jl (jjl jia j i—Sjj^JI aLw j.Vlt n^i-s 
La jaC <JJJ^JI 4-aJUoaII A-aiajL jjLujjfl]! 3JI jj Jjj j .3 Jaikia jl 

• %40 20 Jl?-. 



BOD = 200 mg/l 
SS = 240mg/l ^, 

P(inorganic) = 4.0 mg/l P(totat) = 7.0 mg/l 

P(organic) = a0 mg/l P(recycle) = 035 mg/l 

P(total) = 7.0 mg/l PC In = 7.35 mg/l 

Total P 100% Total P 105% 




P(inorganic) = 4.35 mg/l 
P(organic) = IJmg/l 
P(total) = 6.25 mg/l 



SS = 120mg SS = 65mg 

P =1.1 mg P=i.3mg 

Total P 15% Total P 20% 



P(inorganic) = 3.05 mg/l 
Romanic) = 1.90 mg/l 
P(total) = 4.95 mg/l 



jjiuiji %100 J^ai (> .4jJal 4jJ4&i 4^JUl» ikxa jjC <J j*alt f>U» jjiuiji Jjjj LkL. :11-13 J£A 

^j.n $Mt SUUl 2bLa2! iS»S %30j >M*«1I i-ij-all »Lu 41. %70 .JiUI <jaj0ll 

1-13 Jli*S jjUj (> Jiiil! Cilijki .UjU ^jJUll 



Ljja^ j LjUaiS jjLlujaJI <ul jl 6-13 

4JI jj J 4ic.U JjJhJ j j> jjlaJVI £l\j\\ a ^l^kiuAj JIia£1I t-JJjaiJiil jj 
(jl Vj 'l^j?- Vj 4-ajgjL« J^J aJax-a jiiall eli^ilfclij (jl jx ^cJLj .jjiu^ll 
jl cJ ""'*" J J • ^J^aJI jjJjl£ dliui j2 jJJj^l ^UvjI 4il J-^JJ (Jjl)J^)1I jcliall 

Igjl jl 1 1 g SI 1 1) <ij _^jc <-l iLjl (_j jjJaxll jjiLuijall 1 " ll ' " lis > " j3 J_?^ 

I^VIS dlliuijill dlljjjl £-a ^ jj'mIVI Clllj jjI IaJJ .oj-ifUl dlLxLLma J (-lljlal 

A1 2 (S0 4 ) 3 - 14.3H 2 0 + 2PO = = 2A1P0 4 j+ 3SO ° + 14.3 H 2 0 (1-13) 
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j d (JjLoU P _JI 4ju*j]\j Al —11 >all A;, it "ill gl 

jl Jliall ilAjJjJ CjjgJat Jal .1.0 9.7 cijL^j jjLojjill ^1 AjcLLl^JI a"u%\\ 
.^jjj^all aLi-a jjiuijill L-JJjoijj] 4jjj^)jJa Aj > oi& CS"^ ^-f" 1 t —^ c '_>? b 

A1 2 (S0 4 ) 3 14.3H 2 0 + 6HCO3 =2A1(0H)3| + 3SO; + 6CO3+ 4.3H 2 0 (2-13) 

ijlli'n i%95 t%85 t%75 l-ijouj jjLo! jail (j^iiau <jli tiillU 3>/ift j 
.^1 ^ 1 22 j d 16 j d 13 ^ jji^ja ^jj 

l>a 10 mg/1 (J J^J <— ajj^a sL* %85 AojoUJ Jji" j3 3Jt j) Jj^a jil t^^liai 

^Ua£ jj^I cl6 . 10 = 160 mg/1 ^ AjjlkJI 4^j=» jli 4 p _JI 
.1-13 4Ll*-ai1 ^ic. bLuc! 9.7 . 10 = 97 mg/l^lu ^1 AlSill ^ j,^w\l jUjVI 

jA la£ cOUaJ JjJ £-a JIajVI JJC- djU^jS^aJjjVI .IpaJ lllljja^a t-Ujjj 

.1 ^1 1 Uj^a AjjV ^uaj (jol 3-13 aLU-oII ja 
FeCl 3 6H 2 0 + PO 2 = FeP0 4 1+ 3CI" + 6H 2 0 (3-13) 

Ajjlill ^ <jqjllall tlLilclid]! -iaj j .^Llxuflll JfcUill l$j bill ^1 4ja£3I 

FeCl 3 -6H 2 0 + 3HCO3 =Fe(OH) 3 |+ 3C0 2 + 3d" +6H 2 0 (4-13) 
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JjjjKII j- 150 mg/1 a^A ^Jl£j .JS! j 1.0 1.8 is Ju£ 

jj * 8 'n^ J >P 51 j* 10 mg/1 (_£ jau t_fijj^ aLw 4^JIxa1 ^^C-l \vsy\\ iili.li.laJI 

Ajjlall (_>ia*J jl JJ^JI 'l^UiU ^(^j^aJ AaajJaJI 4jjJall £-a 1iL.l1.laJ -^JJ^ (Jc-^ 

2FeCl 3 -6H 2 0 + 3Ca(OH) 2 = 3Fe(OH) 3 |+ 3CaCl 2 + 6H 2 0 (5-13) 
(jJJ Fe — 11 AjjVj-o AjUiii (_jal dilLai ja j LjsJ jjjj^JI JfLiu 

.«4pjJaJ C X«V ^1 tittS! ^LL« 1 J\ 1 ,jJLG Ji3ll P 

tjjjjOaJI CjIjjjjSj tiiklpaJI -^JJ^ ^ ^JjW^ 0 j3 jlall JJiaJI ^!>La1 jj 

IgJiit jA Jji.SM I^A j . jail <cljxo j-a ^jU ^^jJa-a^ l_fijj-a J jla-a j 

^jtill jjJj^JI OijjKj c<4Ao^ U^^.' <aJl*^ll jc <aoU3l jj-lUaJI CjIjjjjS 
^jjj^aJI V o LaA c(iilijjKjj.llA (j-a^a.) JjK (Jauu 4_aJljuall j* 

L_ajj^aJI JJLa-a <_£ jlaj . jjU^all jJ^*J J (^LpJI -ll^C-VI j<a jlaulill jl*jl nill 
0 J^ Cp j| ^ U£ <-> :aAa -J %10 J\ 5 t> £jljij ^J^V ^ 

Jjk-all aJ^U-o ^l^klujVl Jja cjbljc^l jAjJiS .%15 aj^a ^ j %0.5 

• ji ^>\1 ^Jjoi^jjJjA jl JJ^JI 4iLja\j lilljj pH II JaJjJaj 

Al\ jj JJ^ jsll ^Jflftll L_Ujaijjll Ajj^I _ AjjUajSJI AjaJU-all ^c-oJj 

4 7. \\ ■* o Aja^ws 83 i_l«ui ^j^i-a ^ j .^l^ill (JJjJjll (J^ j' '^J^H J\ 
tUL^jj i JjlAjl t jl » uSj ^ t jjjqijSjoi j ^ j jjLo jill AJIjV Aaj^a-a ^!>Lal ^l^'iuilj 

Jja l$ia 24 tAJjS/l cjlajjJI ^j AjjUa£ SjU 32 CaiijJal cUii^jaj UiULuj 

JalSj AilS J^l j-j -tPU^' (JJJ^I c^j W 1 " 27 j 'AJJ^JI 
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sAA^a Al\ jj J jj^a jll lilb j Ig.i.iS'i bjj£ AiLjalll 4j_ajJaxll a^UJI 4ja£ 

4Ujca1I 4jL-all J _oa1I Ja J£ <lljl yyljVI (JJ^ 1 ^ ^ibiaVI jui^'i .jjLujjil] 

.BOD —SI Ja %50j AaL^xll j| jj Ja %75 4j1 Jj <.n.nn La cBOD _Jlj 

Ja JSl bSLl JJJJA S.JjL> UJ^ L)' <j^j Jj^j J cAjlbll Aaib aJI tlsliUa lilli 
CjLujjS CjLuja. ttSkiAiaJI CjLujjSj aIaSI t tji^ii .BOD —lb S-Jjla bpj£ 
<aj|jllj JSbll JSLLa i'iAxW jjSljjll (J CjLujj£ll Ojjluij t L_S^all ollA 
tllbilal! ^ AjjI jAV jjJa (_J.il JfLiiaJI ja=>.jja^JI <Sal jlall 

. CllLaj^algJ! j 

^■jJaaII (Jj1"» t\\\ Ji->-all ' '"I ■ ^ ; jl j£-«J '4 KiVmII oIa_s_1I <bj£J LS^J 

V] 4 cJSt ^JjjI C-ilj> AAjbll Ajjo^il - ^LubAjill aj-£JI jl Ja ^jlbj .4jj$alb 

^fl jl ^ino^l ^ Jill .<illii Ij.ii^r. Jib V BOD —II <iij s*U£ J 

tdl jj 4j1a*1I Ja ^jbUI (jja-ull £-a e-tlc Jr_-all JaJ tojlj^ll <bjJ-*il CIjIIjIaaII 

^ 4aL-oll jaII JLiu jla cJ^LaII a&j=J U_G j .Ijja ^bjll s^Jill d& 

J 20 JJJ £ jlj^J jl-J^AJ JJ^I *>jbv jj^J ^JJJ^- — ^jjbxjS <bsJlxA jjc abx-JI 
^-Lu) ^5 Sijjll aOA j .^LuuS C-lbLjal jj.J Ja 4jL_all i jaII t>%60 
jj__j!I ( . nun jUvJI (jaJdU Juo^aII (JJjJill (Jo b^Ji. 4^ib <L1_-_»JI _)l _oa1I 
4ib_v]l t ■ nun lillij 4jjj__Va 4jjaUj 'oIa_-JI -jl-jjj '^)^l 1 . & ~> J-aj -(ajbAJ^ll 

l ■ lllaJ j] lillij tl-sjnijj j 4juj 4iUiaj _^aVI * ; iP-fn JaJ^II eLoaJl (Jc-Vl 

(jjjjl ^jjjijill I^a Ja t_j^JI jl .1.0 mg/1 Ja Jal j jiui ja Ji^ljj jaVI 

^LWa^3a1I j JLaAll jjLoijall 4jljl Jj c^LjaVI Jjiaijill t_luilj 3J!jj sjj^Jalb 
.^jIi^)a ^c-LabaS Aojiill ^A^!L in j tAjjaaJI oja£JI 

2-13 Jtia 

(_g.\i\Vi aJojuoja abk^. ^»Uaj (_tJUJ^)ll (— JOi a Jill (jlj^- AjjjoII ' ^ 

jtjUJI (jaill Jb^VI jja^jill (jiajiaal tSllij (12-13 J^ill ^ ^l^K-so) 
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t jojUjj 4jui]l <cja. i hn^l .90 mg/1 4jui]l <cja. diiL .1.3 mg/1 J] 

oLaJI J 5jl^all i jaII JLiu JiLa <_u^aj .jjLujjill J) AjjVjaJI 

JJ AaL^JI i jaII 4JIJ ja jjjj JjS/I (jjj^' ^lill <aUial : JVI ^IjiaL 
£ jUJ jfljSl! Ja^jlaj t0.4 (F/M) V«2 t^iL .%55 Jj BOD t> j %75 
.itajl f£ .ASkJI jaJI t> 10 mg/1 j BOD —II <> 12 mg/1 4 Saa J <> 

; jjLii jail JJ a joIaIV I j j jLuj jiJI Jl 4ajja3l t_bojj (jj 
90 mg/1 = Alill Ac- j=>. 

2 • : " 

= 8.1 mg/1— — 90 : jjioNI <c- j> 

jjjill sjIb] Iwawi) 7.35 mg/1 = JjVI JiU JiSil! J jjLajill 

(6-13 JiSlI J 

90 

_ ^ = 12.2 mg/1 : L-ajj-aJI oLa J jj^ jall/A^oVu^ll <La1I 
8.1 

— =1.1 = p Al _U AjjV jJ Ml 

0.75 . 240 = 180 mg/1 : J SS 

J BOD ^aJj 0.4 = (F/M) <jJ t> 0.5 50-11 Ja £ AaJ 

_JI jli ^llil j t (200 mg/1 . 45% a^ua) 90 mg/1 lS J J^ 1 

£ jU. (jajQ Jj hlxU t 0.4 . 90 = 36 mg/1 *J*£ioll lJ^J! sU* J SS 

•SS t> 30 mg/1 
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SS t> ^aU^] 0.4(30 - 20) = 4 mg/1 —j ».n BOD _U 4jaL^I <ll jl j 

30-20 = 10 mg/1 :o j^a ^L^j I jl^La j.aa cs-^W^ dWJJ-^ t^^^j 

:4jsuilall ujj^l eUa. 4_JUa.VI SS —II j)/""' j 

36+4+10 = 50 mg/1 

0.02 . 50 = c5 jL-J 4,1-11*1*11 L-Sj^l sUa. ^ ^ ^jJaxll P _J! ^ jia-a j] 

1.0 mg/1 

.^JUsA* 1.3 mg/1 yJl^il! £ jUJ JjaJul! P ^ jLouj 
P ^( 111 <sUj ^ 1.0 mg jUjV al£ p >" JJ^ 1 J Jl b^J 

t4alxi Clil Saa, * (JliljLiJ ^gic. 1-ibuc.lj .^jjJaxll P — II (_£ jl^-a (j* t^l^j 

^ y-±xl\ P _J t> 1.0 mg/1 tila*a t0.3 mg/1 £jUJI (jiSill ^ P j^jjVI 
<0.9 mg/1 yJ jVl £ jUJI csa^JI ^ ^o^UI P _J jl£ jSI .£ jUJ (jiSil! 

. JWj 2.6 mg/lj ijy-^c 1.7 mg/lj 

180 . 0.009 = :^jVl lsjjaU 4,1, nil JjUl jji^jill 

1.6 mg/1 

JjVI JiUI Jissll 

jjioiji 4juiillj l-lii i) jail 4 In J JI^aII jjiuijillj 

jLul) flails jA j 4jj^aJI AjL-all j| jaII 

7.35 -2.6 -1.6 = 3.15 mg/1 

tl-13 6-j 

(A1P0 4 - ^ > ... --,-,>->) 

ALP0 4 ^uJj= 

= = 12 mg/1 
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AlP0 4 - 

2 X (P_ J&l 

90 mg/1 - (3.15) (600) ± (2 • 31) = 59.5 mg/1 



Alill = ■ 1 

^j* 3 2 X (P— jgjgl bjfl 



J 2-13 4h\xA t>j <A1(0H) 3 



AL(0H) 3 



(S9,5)(2 . 78) 



= 15 mg/1 



SS —31 eLaJI 4j1£3I 4oL<all j| ja3I ^tjjj ^ jLaU 

A1P0 4 J ^ j^jj t^Ua^l Ui j^l sLa> ^ SS —31 J jVl Jill 

(JjLolj Ljjj^all sU« Jii 4aL^JI ja3I ^-lljj jla tdlil .A1(0H)3 Slj 

180 + 55 + 3 + 15 = 253 mg/1 JiU jifill ^jUuuI ^ 



L£ <Luiia3l slaaJ3 4jOi3aj3t ^aJU-all 4juui3L 4jjJ^3I ~ 4jjUa£3I AjJUaII 

^\ j c^JUJI e Ua3l t> 253 - 185 = 68 mg/1 tj jl^ 12-13 ^ ^ 

• %37 UjjS sjUj JL«j 
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BOD = 200 mg/1 

P(inorganic) ■ 4.0 mgyi 
P(organic) = 2J!mg/l 
P(lotal).7.0m(Hl 


P(tolal)s 7.0 mg/l Pfinorganic) s 0 9 
a (recycte) = 0.35 mg/l P(organic) * 17 mg' 
PC in - 7.35 mgfl P{total) - 2.6 mgl 




BOD ■ 22 mg/l 

P(inorganic) = 0 3 mg/l 
P(organic)= 1.0 mg/l 
P(total)= 1.3 mg/l 






Total P 37% 




















(^V)P %s 
82% P,/^!^ 




PISS) = 1.6 mg SS = 49mg 
P|precip)= 3.15 mg P=1.0mg 















iil_.il i> __, 2 i»JUu ik_ jjc <J »Lw jjiu jiu _a_ i2-13 Jti» B g£u :12-13 <Ji>i 
Lij__!l »L_m y_a Jj^j* 4—L. %18 jajOl! jji-js %100 J_i <> <HjV A^UoS 



_i j_aJI flLw <ji ^j^jjUJI 7-13 

Lu_j-aVI t4j'n-^ jjlill Ajji 'nr\\ a^LaJI (JlaJj J^pJ .^jlill (j^jjlillj dujaillj 
AjjlLall lijiilill AuiSjj 4<JjljA i-ajj- t_a^j .6-13 4Ll*-a tJJL—J 
i— —J 48-13 <LU-a <JJJ^JI Ajjlill Cj-lao .Cjljjj ^Jl Qji j dujaj 
^Vnn'i j (AH 2 ) b±A\ JUiiSfc Aic. Ajj±a_iSlV jl jAV i jj_ 



NH 3 + 0 2 



N0 3 " + AH 2 



2QI \| 



Jk3 



> NO" (^IJSS) 



_> NH 3 (Ui jxl) 



-> A + H 2 0 + N 2 t 



(6-13) 



(7-13) 



(8-13) 
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iAu ^ijVI 4-aLaSllj 4<Ujjau]l t " ll ^)a^<JI jpi L_ajj^all oUa J JJJ^I 
jj^jjlill jj^Vl jAi^axJI jj .Ajic-Vt AaJUua j)* <L^aU*jj t4ac.l h*al\ diLUillj 
J ^jjJaxll joa. JJjj^l -i?- JJ .Aj^aJI 4j jl Jill o-iLaJI j^s CllUa i_fi^j^a3l aUa J 
j AaiwVI (jiUa-Vl J K— lljibJI j 44jjjjll (j^UvJtfl J 4tl)U\LaVl J cCjljjjjjjll 
jJbtAill (j-a Ui j-a^M ^sjjj •'SO' S^Lall J oJ j^. jm £^ <jj > <a& dsUjfLa 

AAJdj jj^Jjll S.iUj J t(J jJI J ^gJalLolVl 1_i£^a]|) Ujjjilj jjJ jjili jj'i^^i 

aUa dujiillj Cliljlill -1?.jJ V aJlfcj .jJjLa-J! ^Uaj J ja^JI JaLuill 

jb J j£ajj .Aj JiilJ r j^UI jaJI j^*Vl J! jliiaVI r VaJ» cij^l 

<U1UJI jj^ljjll Clilj i—i^jill oUa j^i jl ^gct'u^ill (-j^i-all (jx dsljiiJI AaaLjwi 

.cjl jssL 

%60 j 4 Ljj ijy^a J jA (JkWI (js^l ^jj^jjoj qa bujij %40 j) 

jj^jjlill *LaAUa« .Cllljlill (jx <La^a £»<s AjjjJaxll e-lLJU Jafj^a 

jjSjjll Ja^jla ( iJjjj (6 kg/person. y J) 4) 12 lb/capita/yearj 8 jyj 4_Jla^.7l 

• 35 mg/1 Ajla <\\l L_S^>j^a3l sUa J 

jl AjJJ^. 4jJbua ^)JC- Uull jj j£-aJj <Jj i >>■» \\ ojUJI tilflaj jpi Uj j-aVI ^JJJ 
^)jc Uj j-al Jj jjJaatll jJ^. jjjj^l AalaC ^^A Uj _j^VI -lJ jJj .4_uUaj£ 

ajuafrll J j jJjU>-a]| J JaLuiJI lOA Aa. jJj .4jjIjA^/ L_S jja diaj q£ JaLuill 
4_ul jA i_a jjJa cll^jj .(jjjaJI J LtiLUI ^.^V ^ >^ ^^"iiin .^tjA^I 

yj^j J^VI (Jo 1 ^ Ajjlill AaLaC a^aJluU (jl (j£-<u toJJjuLa 

jl j^-aJ i^l—lljj jj7> i Li£l ^gjj sjaiLa) 4jitaua£l^ LJjj]a diaJ j .dlljaj ^gJI 
^>l iklmlj <-_ajj-£all oLls j-a ^ j-a (Jlj^J (j^ JJ^ LS^l ^iJi^ ( — 'I lT^ 5 ^ 

tdJj j Uj j^VI jlc- ^ jj JJC UjUa£ Jl jj jl Uj jLaJ .Ajjajll Al\j\ AaLaC 

jAU dill ^ <Lal£ (jill^a Cjliul Jal .10 (JjS La ^jjj^JI aUa pH ££j 

AalUJI 4il£]l Jl IjJij JLa*l^VI Oia ^ jl jj& 421 f£j ^tall ^.u^a j 
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^■laJjjoilj 1 i >-\\\ lajj-aVI (Jl JJ jl -frl J£-M ^.-^ i— lULaC £-a AialjlLallj AjjLjj^al 

o^A (JjJuujj j . jja».jjlj jlc Ijjj-aVI (Jjjaol lilljj t(Jt * inSiVI 4jaaj ajjl^ 

ta jji > .-ill 4 aJajVI .AjjjaJI aC.jS Jfr*l jl j^-«J j-^ J ( 

ClsljjJjlfL _a^VI ^^J^l 5JjUaJ ^gj jjVI (Jjliill CLlLlT.rt,^ ^^ilujJ (jl j^-»J 

4jjU^C. CllLLaC j ^.mi^tII ^jJalUJI JjJJ .(_£ ji.1 ( — ^ J^W t — 'I J^l jl LSJ^I 

.LuUjja Clll jliJI j Lj jJ^\j t4jjjJaxl\ CllljjjaJI jaj 

^jJSill A^JU.aib joa-jjliil 3Jljl 

.Ajjl*II ^..nll cJ^all oUa ^ jja.jjnll CjLSj* 2-13 Jj-iaJI J^ij 
<UI jJI ^LaSIl j]i 44jjjC. j 4j|jLa AjjjJaC JlfLiL jj^ Jjl^l jjJa»-a jj i'^ j 
(j-aL^alal jli t^j-la^all ^1 ^ blajtl j ,%15 tjl*£ V ^jVI L-U^jjlL 
jli cla j-ac j .Jaaa AjiLjal %10 (jijJ 4ivU1 4jjJ^JI <=JU-all ^2 j±a. jjlill 
L_s^)j>-a]l ala-a] 4 lajjdla 'aLa^. 4aSUl< j-a 4^jlj]l 4jjjaJI aj^SJI (j^ajli ^ jj^jjjill 

t Jaaa %25 » j-^s ^l-*^] u^j^'vj • J^rim^! BOD II j* %4 <_JI ja. jL-ij 

2 mg/1 uj^Jj •'Mj^ 35 mg/1 j- 26 mg/1 ^ jUJI (jaJj3l 

24 SI J jlaJI JjajjU Aila-all A \\v ,-i\l j| ^oaIL JaJJ^a (5 _ojJaO jjawjjli£ LujSJ 

1.1a. (JaI^jj (J^Li. Clu.la. lil V] tljj j-al ojjjL^aJ jj£j ^jaoLajl mg/1 

eXjua j-aljuj A )-»un,n a Las. 4 \\ r a ^)JC Cllljjj ^1 j^jjlill ja ' (jl 

■ 4jJaikla BOD jas. 4jab i_sjj^a 

3-13 Jtia 

ja=kjjlill ( _ 5 iSjj ^3 t2- 13 Jj-^l ^ji al |»jill ^laiajujU 

^La^yi ji?- JJ^I jj- 4 ^ oLa^J A -\ \\ r m A a ^)JC jSj) 1 ^if.^UI j 

«UI jl jl (j^ajjal .%100 c5 LS-^I (J^l^l (jSJiijI jjLujjS j-a 4jjla 4juouS 

%4.2 ci <A^I J l j- %50 j BOD -Jl j- %35 £l£ J jVl iSjj-B 
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baj-lis (FIM) AjjulU ^Jajuoiall L_Sjj>-a]| oLa^. ^»llaj j> >>ir\l (jj^jjoill (j^ 

oLaadl (j^-aJ .<Uajjiia]l L_i^)x<all iaLaa. ^ (JJa. (j- 4 %6.2 i,^^- (_Sj"^J 0.40 
SaJaa .n <_j^J .<— sjJ-^aJI aLi/s (j-a y alaJL ii*all (JJ^ JJJ^ (J* 3 * - ? J^P^ 
ijlao <j-a ojj^iaJI Luj-a^M ^U«J J jAV ; t » ; aLaaJI <jjl^a "aJLJ cojiA <LaJbua]| 

.^.Lijll tjAjJa A^JUaII Ajaa^a] JjSlill 4ataaJI ^ AaL^ll J j-all 

^jlj tLuj-al ^jJj J Jp"\j ' " oLaaJI ^ >yy\\ ^ %40 <jl (J^ai JjsLj 

Sicj fWhnl .A^JUJI Aja^a ^1 UjjjJj Ojol 4±Jj\ %25 — II i> %10 
j i ;-ir. V Lj _a^l£ (J^WI (j^S-illl (j-a %10 lAj.13 jjj^j 

= JaJJ (jaj^l SS jli t2-13 Jj^JI t> (^1) cJ^W ^ fl Wi..L 

<1S) 22 mg/1 l5 l5 jjiill '200 mg/1 = BOD cmg/1 240 

aAc\ 4-aALii-a dlAla. jU .13 mg/1 (_£jLijj ^jjJaxJI ^jjawj jaill j t(Lj_4^l ojjj^iaJ 
3.5 J^Uj U> j! jjSJjll (jja. jjjj (>a %10 —J c£ jj^aC^UI jja. jjiill jjjjj 

N j 25.5 mg/1 = (Lu _>J) N t> jj^! cjr 3 j^l JJJ^ <-l=^l (JajQSI jU cmg/1 
.38.5 mg/1 s jja ^ja^a! 4 13 mg/1 = ^^c) 

t> 120 mg/1 ^ aJjVI ajL^II jI jA\ jli 4 %50 ^JLu SS ci^j 

AoljVI aLa^JI (_^jjJa*JI (jj^jjlill ^jLjjjj . <_JiJ.ill (jjajjll i . lU * n'll 

0.042 . 120 = 5.0 mg ^ j*^«JI jj^l i> 

.130 mg/1 = BOD d20 mg/1 = SS <> JjVl E jUJI JLSB 

• 8 mg/1 ^ajJaaJI N(>aaljj c25.5 mg/1 A-aJ jjjij jju^&^UI N 

.0.50 ^ jluik- «0.40 U j^a (F/M) j 50-11 JiSlI t> 
W s = 0.50 . 130 = 65 mg sUaJI AuL^ll jA\ 
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(_£ jIjuiJ aLaaJ] 4 \\t t-\\\ jl J 4 ill <n\\ jl _oa11 (jJ^J JjjJI <_£ jia^aj 

0.062 . 65 = 4 mg ijy^xl\ l jx^jJ±A\ ^ 

A a\\ ^jLaJI (jjSjjll (_^jjJa*JI (ja^-jjojll (_£jLuUj 

0.062 . 30 = 2 mg of SS 

. 4 SU <JI CllULaC. jjc Jjk^aJI J (J jjJacMll joa-jjlill ^Luj 

ij Nj cSS cBOD ftja Ajjl t_jL^a. tj£aj <uU tCjLLo^JI oIa ^ j 

.13-13 d£AM yi Wjt 

jli c%100 j J^-W ^illl 4JUi.VI joa. jjiill jj^jj djj^i. jli 

^jjj la t^jilall tjaiill %llj JjVl %14 jjj^j jjSk« <IljVI 

(ja^jjaill Lai .(_J^.I^1I ^ill (ja^-jjoj %79 ajjii '— ^JJ^"^ 
.4jaa-a]l jjc. J j\-s ^ t^JJj Lu J^A) (J^W (j^ajjll ^ <_S J ' ^ir.^UI 

elall 4aJUl< JjjI^laJj i-jjjL^all alfa ^ (joa.jjlill jf\-\ ^ ^ <-lil jjioll Ixjjj 
^ii^a (j-a ^ jljjlui Ajjjlaall 4jjjsJI AjaJLuall 4-aJajL (ja^jjaill ^Jlj (j^ 'alaa-II J 

.%40 

Aj jojjI ^Jljlj 4jjoaJI 4j jolil 8-13 

Ij j]j ^ jLaJI (j}3jj]l J Uj j-aVI ""' (jj^J Lajjc- t_fijx<a]l oLta 4jjjj 

(Jjja-a ( ml ^gjll j 4<jjjj]| 4JI jj — AjjjjJI (jAjJaJJ . (7-13 ^Jjlaua) (Jjljjj 
.(8-13) <jj^ tjo^jjjj till jaijl JjjivJ 4 U^-jJ"^ 
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^^OOmgJ BOD^iaOmg/ BOD= aOmjl 
taJS'^SS SS= 120*^1 SS= 30ma<l 
ST 0m$ <|>Js*.J Ammona = 25.5 mgli Ammonia- 25.5 mg/l 


Iji^lS N 10% 

15% N 

• 1 


|»*» 

SloJ! 

*~jul ^ % 


■ sU tic] 1 ' | 

N = 5.0mg SS = 65mg 
N =4.0 mg 

Total N in Total N 11% 





%100 Jyfli (> .iwa! AjJjQj iajlxj <ka»» jjc lj j*aS sLw £ja.jjajj Uj^j jou lakLa :13-13 Ji" 
2-« j.^MI SUvU 4jiuaJ! yi %15 j iijJU*JI Ji j*aS »U» Jja.>» 4-U %79 i Jitjfl JSJ2JI UljA 

3-13 Jtltfi jjIU <> <J£»2JI CiUaiu .UjU 



4j jo!21 

^jl (jx ^C.jlLj .AjAiISjII Ajjo^J! A-s\\r a\\ ^^Jj ojlc. 'USLaba A-lLaC- Ajjlill 
aJjJ-a o^.j 4-j j i ^r>ll ojLall aJI jj £»a (jjaljj]lj jLauVl 4jfLdx 

.Ajjajll L-Ajuilla ^J^- '^P^- 0 ^ U^JJ-" S-^ 1 ^ UJ J 'BOD 

jas (J al^J (_paikj-<JI BOD (_£ jia-aj £3J^a]l Lli^aVI (_£ jda-a 
Ajjlill AoLaC Jjioioj li& ^AJOiJj <JJJC- ^j-S] AjUJiiHj AjjUll ill! llnllli 

^ Jj i jjc. CliOaa ^Jjl\ sillj (jiaJjaaj ^ajoij i_sl£ Oa. ^jJj Uj^jj Ljjj£j 
^"JJ (j^ L>* f^-J^^J .^Jaa-ail £jL=>J (jS^ 

aUJ AjJ^ 1 CjloLaaJI Jakk-a jA 14-13 l5^> jj 

Ujj^VI Uj/^jll (jl ^*Jj >t>\1 a^LaJI (_jj!la-a (_^aiiJ 
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4jjjo1I i " il \ \ 1 11 a (j^a sjJJ^ jIjcI ^jlc 4jjLaJI 4 lajuiLall oLaaJI (jli cAjjgjll (jlja. 
(jl eUail (jIaj .Ajjgjll jl ja. ^1 j* IgJjlcV (ij^' es^ jS 

.^Uaill j-« (j^ajlill (jjjjfLJI aJIjV lilJjj iLjjjjJa <il]j jl£ jj c^jiaJ 

t—lUjoijl <_]£uuo jljaJI L)]^ 'W^J^ LS^ 3 ^ ^J- 4 ^ a-ij-ual J^*-° jj^ (j^j 1 jiai J 

4-a^<JI dV^lall jl .jfLui ja. ^j! Jl lJjjuuVI ^Uaiil ^HaiaJ lillij jlui 
.(-jljLaJI jv> m^Vl jja jj j cpH j tajljaJI <a.jj AjjjjSoII 4jjjj]| Ajaja. 

jjajj tAjJaiia-a ojlja. dsLa,jj Jajala jaj (^jJe- (Jc-Uoll (J-Ja- 4 q r-\°\\ V'n 

(_> 4jjj3 4aa.j jajII pH jjaj j .4j.uilla3l Ljiill <a.jj]l ^ 8°C a J jaJI Aa.jJ 
• l.Omg/1 j* JJal i—iljull jjauaiaVI jjfL jl t_Jauj 48.4 

jljj Ajjlill j* JJ jlj 7.2 (jji LjJ^aj J .AIAjuJI dlljlaxSl ^gi jjLjjAII (_$ joa-a 

2NH 4 HC0 3 + 40 2 + Ca(HC0 3 ) 2 = Ca(N0 3 ) 2 + 4C0 2 + 6H 2 0 (9-13) 

jJojui Ja^iLs ^alfrl3 'Ajjl J-JC ^jjj^all aLw (Jxaj Ajjlall f^ 3 ^ ' . 
jjaJI JjaUml (jS-«Uj .(JjJ-all tllLJI lilli JULaj tjjJjjaJI jjlx-a ( fljjLJ j (jjJjJI 
^ojaJLuuJt jill ^cjl 9 > all j! j-a ^C-jJIjj .AjjJall Jc. *.IL^U Ijjj^JI jLajj 

L_sUVI Jj^j jl V] if \ laumVI 4juL2 4jjilj]l j AjJjtfl Ojlijj-all J jJjoi J 
4_iLaa. ,4jjl jj*ll 4-lrill < ; ijmi Ajjlill Jj jll dAa jjaII J ^ ^"u »n 4_ia.la.jJI 
.4jj jjla 4jlaa. 4 JajL SjIc (JjjaU 4_pV jill CjUVi 
joa»ui£Vl (j-a 4.6 lb 'ijja. jJjjS l^jc JJX-a Uj _4-aVi 1-0 lb Ajjjj (_jilaJJ 

LkajoiSI alj jl S-^J "9-13 <JjU-a tAjjlall j CjljJjJI j-a J£ jlajj (Ja.1 j* 

t_lilaJJj .Ajjjj]| 4!a.j-4 ^ Ljajl tl Ijao j-aVl c jjJjill BOD J^-' c> W^ 3 ) 
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.(_!Jju! jail jljp. ^ <J jlill (j^ 

. n. hill ^Vi.Vio sUJ 4jjjj AJIjV jfLaJ 

^cjUJI (joa-jjlill jlc. jUoj^sj . J j j-all 0 1 ^1 £aJ jjj <fui jiall 4jL^all ^1 _oa1I ^jjxjj 

lb/100 cu (jJj 10 <4jtr& jlja. ^ a\^;i .. i J Uj^Vl uj^jjjj ctfj-** ^Ijj 
£Lj ^aauoila t_ij*-a sU* Sj ja. Cu=o (320 g/m 3 . d 160) 20 ft/day 

AjjgJ 6jj3 ^jSII ajA JlaJ <_£jlc- L_Sjj^a oLw JojujjSaIj >( ^JI jjll ^jic. 20 C 10 

.dAclu] 6 4 ^ jl jjj 




Ajjjlli Ajjja AaJU^i ^Jj ,Jlt4 jju AJauil jj AjjIj ljULiC lakx* : 14-13 Jiui 

C-baAj^a .(jiiUuS (JjjV ^jjJ-a 4jJJJ £-a-=-al LjJ^ IjJaLa 15-13 cJSuaill J^JaJ 

JjLS jj^jjjj 21 mg/l) 18 mg/l <> Uj-Vl uj^jjjj u ^j^'i\ aaJU-J 
46 £Lj <-iLu*jl Jj*aj £ J-=>JI (3a-jjJl u#?> jjjjJ 0.8 mg/l (jll ((j^Jl 
Jjajjll alia <?>-^ cij^ 3 ^ ^^j^ u-° ^j^-^ (JSjjjI lIj^-j -nigd 

2100 mg/l 

t _ll-li,ijlj j 4^»lj| 8 ^llj 'aLaa. jajcjj tclllfcLoi 4 ^ijJ JaUia.1 (j-aj\j MLSS (j-a 
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dlLaili ttivlj aJojJ jj Ajjgjll •%100j 50 (jJJ £ J^J^J ot^aJI ojlcj 

Jj 18300 cfm l£ ^ jjSj^-w jljjj (jiujl AiLjaj ajjLj$£ silj 
140 ft AjjI^jJI cjlajj^l jiaa jJLi .jj-y^Vi jaj <J=J ^a oj^a Cjlclaa £jja 

eLiib (JjjaII t _ ? jJ.wll JSJdl! ^c-ajou .550 gpd/sq ft aj-SS L_)Luiul L y^i\l J^xaj 
.AjjLj^^JI tllt^x-allj tL-lubVlj c CIsL-LlJoaII Jc (_£juau Uaj <_)fLiuj AjuLi 
Jj Jjj^ajll dlliAj J tfltjg-a ClAjlj\i» J Aj 4L_S^<a]| sIa^. (JJ^JJ JaJJ 

^ . ^ \l Jaj (j* AjjjliSI J Aui jVl CjIasJ £a l^?. Jj2 tSlli j %6 AjjoU 
J^Loib jjLoi jail <l!jj J ilijiia Jll Ajjlall jjaUu > .n . JtjA^UI 

.100 mg/1 Uji Lia Ajjla] b jj-aJI i-ajj <aJ jVl cjISjjJI J 

4-13 Jli» 

jjj l^a^ cAjaJiLa aLaaJ ^,*nW'i ^Uaj] Ajjgjll (jjaja. J oIas. jaC o-ibj ( " \a\ 
(j^jikjJ lillij t(l3-13 JSJill J £CjJ3ja) il^J AjlUJI AjL-all j| jaII Jiu 

J AjL^JI jI jaII JaI^aSI jrlSSyi i.mrj 2.0 mg/1 Jj £ jbUI JjajSl! J luj-Vl 
(jaill J BOD Jajoi jla ^Jbj .0.40 ij jLaj (F/M) Ajbau jl <jil Jjab sUaJI 
Jiu La .20 mg/1 aILaII AjLJI jI jaS! ja^-a j t 22 mg/1 a J <_> ^ jUJi 

?AjO}laj A Saa aj Ajjlia olaaJ! jrLuj a-ibj 

^Juil J SS uji '2-13 Jj^il ua (^UJI) (ja^l ^ ^Ijc^b 

22 mg/1 jUj ^ j^^UI jjssll j c200 mg/1 = BOD ^240 mg/1 = JiU 

SS Ajljj (J^lj .13 mg/1 lSJ^J cg j > >i»^ J '(bijAi a U^j) 

(jaill c_jL>o2l Ja 120 mg/1 Aj] jtfl ajL-JI i jaSI jjSla. t%*j0 ajj-uj 

jLoUjoi AjI jVl sIa^JI J ^jjJo*JI (jj^ JJ-"^J 

^ jjJa*]! ^ jjisll j> 0.042 . 120 = 5.0 mg 
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J* '130 mg/1 = BOD j 4 120 mg/1 = SS t> E jUJ tjajaM j^ij 

t0.5 t5 K jli 0.40 c5 (F/M) j 50-11 JLUI <> 

sLaJI ^ *jL-a A t> W, = 0.5 . 130 = 65 mg 

J^j '0.5 (30 - 22) = 4 mg UjJ ^iUjal Sojl jUI BOD -J j ci-J 

.79 mg a j^a 30 - 20 = 10 mg i jJLi aj) jUI i^ILutyl 

'al \\ A Ai .-ill j| (j<M >i 4jL^all j-all ^ (jjakj^liJI jia^a ^Lu 

^ jjJaaJI j* 0.062 . 79 = 5 mg 

28.5 J '33.5 - 5 a^SI ^ jUJ t 5issB ^WV 1 u*> jJ^ 1 6^-* 
0.062 . 20 mg/1 ^Ika-ail ^ jUJ (jaill ^ ^ jjJa*!! jjiill ^ Ju^j .mg/1 
28.5 Jjj=o l_u^ U t 2.0 mg/1 jrjUJ JLSII Lj £kj - ss = 1-2 mg 
120 + 79 = 199 4jL-1I j! >J1 ^1 jrttfyi 6^ -^J 53 <J ^ ^ t> mg/1 

^Jaj^ jA LaS tAjjaj jjJ (j^ ajolaj ^jic. 14 mg ^jjj Ijl^la jl tmg 

.a^JUJI cjULc. jj& J jk^ll ^ ^ jjar.yi\ (jj^ jjUll ^^JLu .13-13 <_&iJI 
'N j 'SS 'BOD -Jl ftia <_iLa^. jLaj cjLL^JI a j>A <j* j 

LjaJull ^JWVI ja^jjlill JJ^JJ <aj3 llilia. lijj .16-13 L&^ll <y IgjJa JC j 

j*V) t^ji\51l ^ %14j JjVI %14 ^lik, ^jV 1 '%100 — j Jil^l 

jl jjc. .(Ji.UI (jSJall (jj^jjSj j* %82 aj^3 £J^- (j} 3 -^ C-^ 3 5^ 

jUJI (jaiill <1ojoi (j hq-N 2 ^lalbj tdiljjj ^\ diTpj Lj j* 25 mg/1 

(jicl j^J-^ JJ^ '^J^' (jS-SiJI Ljj- 4 ' <lajui (j ^q-N J Ajjoill l_Ujjjj 
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^UlLj cAj^ijll AjJJC- ^I'l^'iuiL (jo^jjlS jlc. ^1 diljjjll (Jljiilj 

2.86 lb jbjlujl <Ajj^y\ jj! jail j^.^n .4 n\\ ^jUJI JjajSlI (>> tliljijll JjJj 
(j-a 3.0 lb jI^jIujI j a!\ jlkl °»j (_$ill cJ jiil! ^jj^jjli ^ jW <J^ uj?* »"^/l t>° 

|j^a-a jJ^\ C-dLjJ .4j|jlkl ill tllljjjll Ja^. j jli (j* jL J£l Ajjlall 

jjjjill aijjllj ^jj-iiA ^jU£ Ljjj^SU (8-13 AiaU-ll) AH 2 ^ 'ujjj^U 

(jl (j^AJ 'LjjJa- (Jiaall <LU 4j j i >yc. ojLa ^1 jl (j* ^c-jlLj ja^-ll <— u£jall 
a jjjj l . UjoU lilljj t^l iVimVI £jLi J jjIIiaII J Vj t^jjJJ^Il j^xaS 
Jla j .£ jUJI (jSJoll AjaJU-a ^ ^^Lla BOD (^1 a£jj ^^tl j <UlaiU Al jgjui j 
jli ^sl jll .l^ai (j*jll JiAb JjjliuJli t(jjjj£13 4jjUa£1I j^L^xaII JS 

jjc. j (_5*al j JJC. Ij-al o^A Ajjlill AaLaxl £joiI jll (JLuciuiVI (j-a (J*-?^ (Jjjl'nftll 




4 aal >«) .bl—Lj lo-Uua 4jja» »U» ijE 3^1 j* ji>« . jkt >u hjfu 4j j^U ^jJUaS uu jj :15-13 JS*i 

:Cj|jjjll j J jjliuJI Joj 4jjlill Jclaj jA <J^I Jclijll 
5CH 3 OH + 6NO3 = 3N 2 f+ 5C0 2 |+ 7H 2 0 + 60H" (10-13) 
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jli 4dujjjj DO Liiajl iS j^-l ^JJJ^ Ajlttx! £ jliJl (jSJoll jj£ Jj I jlajj 

Jaaua ^Sjjill <ll jj J jja. jj 1^ 13 ^jUS l_J jlkJl JLa^Vl J jjIjjaJI 
.^jjjIJI l_i£jj1] jl.^a^ a.Wi.nj J jjll^l (jli Jj 4iLjal .10-13 

jli H_u£jiU (J^ajli Jjjlll-a (ja LujSJ 30% ( . ^>-aS/l jl IjlHuilj 

ell- 13 <bUJ r hVi.«U J J j^UkJ] JS3I ^lu^l 

CH 3 OH= 0.7 DO + 1.1N0 2 -N + 2.ONO3-N 
CH3OH = 0.9 DO + 1.5N0 2 -N + 2.5N0 3 -N 

mg/1 cJjjUn- = CH3OH 
mg/1 <DO = DO 

mg/1 i Cjj jjj jja> jjoj = NO2-N 

mg/1 tt-il jjj <jx?> jjli = NO3-N 

d)lL!}Lk £-a jLuo t—ll-luijl jl ji. j-a <J ^^ajJ ^ill 4jjHll <Uljj aliaj jjSl) 

JiaUj J .(17-13 JiS) Lpl&jj sUaJI cUal Jjj* WL) c*U C^j 

(jla-all J <jjjj£a3I a j-lSJI Jc AjjljJI <UI jj CllljaLa. J tiLjaall j (j^xkll t_ijjaila 
jja. jjiill jlc- jl Jj 1 jlajj .4jjjjjJa jjc. 4jj£J ' ■ liaJi] 1 gljSI j" ojjjjJa £-a 
a J>">11 ajiij jl t ■ lau 4jilaJ Ajj;laJI ojj£JI ci*^ j^"*^ Jjla-all j-a jjaJLall 
O^JJ -J^ JW 5 (i^JJJ Jj Jj^ji3 Jji^Jl j* j^jjttll jlc- £jL SjjiVI 
^jliJl (j3Jj3l 4 > n'sl 4jj-aJ Liajl ^LaJJ jli j i4jj£j]l 'oj?^ -1 jaAml J lilli jW^j 
aLu> 4jjlj AiljV '.' jliaJI laUa^VI j-aj oAc jjfL) . jUJl £-jb ji& jl 4ja^al3 

.UjjI ja. <^.jj j CjIjI^I <1 jasJ Ujj t*lJj j idjlx-Luo 4 Jj 2 j j^j ^jU«1I l_sj^I 

LaJUC- La3 La j-afr aJJ <Jjli3l Jj jli 4jjjj]l <lljj jli i J jjll^aJI t^Xt. Jj Ijiajj 
jja. jjli j^Jkj jl^ J '4-alaJl olj-<Jl-J jjg aJllI jAj-slaS 4_ialLa]l 4jjLaJI dll jaaII a la»Jjy£ 
.4-ajL-a Ajk\ ja L-dkL tlO mg/1 j* J&l £jliJ (J2-^1 



(1113) 
(12-13) 
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N(organic)» Timgfl 



4j jlill ,»! Vj'iiiL <LJUa <Uaa«a jjC i_i j^ai\ oUa £a^jjii j Uj>aS Jjjj htr% ^ .4-13 Jli»ll gjUu :16-13 Jiii 
4jjl <-» J*^ 1 »Lw ^ Jja.>» <U» %9 i Jit jit jaj23t Lu >»i %100 J-al (> .LhjAI <JI jV 



^jLa^ 1 11*011 iJaaluiA^ a ^ui^ jAll jje. Ajj > 2a» II ajLall ^1,^*1 ml 

.(-ijj-all alw BOD —II 

Aj^c SjU +NO3 ► +N 2 | (13-13) 

sluS> (Jjl^BOD) 

(BOD) 

»UJI Aj^jJaaJI SjLall ^j-a lAjjjj <ll jj — Ajjjj 4_iLa»J (Jj t . uu II laJaai a t ■ lllajj 
jLkjj 5j Jiill UIjA liUoj j*VI eJkL 

.(c-jl^l o^VI Jl jUttyi ^ ^ij^.^V g Ui.™) Aj jUI All 

18-13 J^l fySajA oLJ1 i—llWiVI jj A.Wmlrtll "aUsJI alkj £JAJ 

(Jiljll (_33-^l) AoLijaII aliJI t_Sjj-all a La £-a dljlLall JJJ-&1I -iL-a <— lUjajj^/l 
jlkil! jl tajlA ^£ajlluJI ^rj^l a ja^. .^iv>.rt<tV <jUai (^jS/l 



1068 



A LajoLLall aLa^JI J AjjjyaJI aj^ll jli t jljiJI j^ (jjjJallj <_Jj_&Ja]| Jj» ,-i<u\l 
jlc Sjji-o q)t> i nOU jJjb<a«aS IajjjJj ^Uuall dsljjjll ^Viunn tl&jjjjj ^IxaII 
jl ^ jjaaJIj (jj7» m^VI (j^aL^aial ; ->"n . a dslja^aJI Jj . jj^. j jajll 

(j-a (JS (j^aiij .^jj^all alfa J L}j_&^/I Ajjlil tAjjJ^JI oj^JI (Jj3 ju'uaW 
icsj^I aUaJ Jn^hUI BOD jUai 4^1 CjI j^JIj 3n J:> ..,<bUI CjIj^JI 
<UI jj J Jl$jll SjJ^ 1 ^aLaJ • l - r J l^l j„'"> m£VI (j^aL-alal JJC JljgJI (jUajllj 
(j^ajb JDLa. j-a iCjljoill (j-a jj"> > aSSU <LjJjfL]| *aj.l£JI jJ^Liiail JJC 4jjjj]| 
J CLl^J AjjjjII 3JI jj ^uuo jl jjc .t-jjjuijjll cljji J AjjjJoxII 4jLa3l i jaII 
jlfca t-jlajauVI J^«-a JJC jj^.jjaj]l <UI jj 4a JaJuia ^aJJj tAAla ui£)^UI Sja^ll 
IgJKaifyl lT-^aJI J& (IgJIjlkl jfLaJ jllj 4*aIj1I CjIjjjII .Iajxj .jJjJiill 

4jllc jJjJJ e-ilcj U^aj . ^ m^hUI JjUajJI J jfLaAjl Ajjjjll 3JljV 

iiLulj^l djIj^JI J] ^.^hUl jlLslI jjc cjl jail U^t J lU^ 'W 

lilljAj .4jjjjll 4aj^ (_pa3AJ jl 1.1a. a JJ' ^ ^JJ^J 'ajjAl j^-aJ 4jLLa (JSjjdjj 

aUa J BOD SI AjjouIL jja> jJiilJ ^.lunll jj£jill£ i(J jL\ JJ jC 

(JfLllI jg jaJ .4jaJljua]l Jjir, >Tn 4jLjL J L^ajl JJjJ tajljaJI <La.j.ij c^jji^all 
j-ajj A In 1 h Jla ajl ja. 4aj.S (_£.}] 4jbaijA a ^jjj-^a alj-al 4j IjISj 4jaJlx»a 18-13 

(jSJull jja. jjjj -j.oaj .AjjjaJI Clll J»LaJI J CjIcLui 8 ljJJ& <^^ k « 

Jj %35 j %30 jjj A^au L» Jj^Ij i^iall si* j^j .%100 UjJ AajL JiWI 
jj^-jjli Jc t_a jj^II SLaa. J jsJij %25 Jj %20j t jj^jjjj jlc 

Cj| Jjill jja. jjij J£i Jc ^ka^all jUJI jjaill J %50 Jj 40 J '(J 3^-^ 
50 jJJ J^jj 'SJJ^' Ajjjjll Al\ jj _ <jjjjll 4alac jli j .AojoiLoiI sjjj-oj 

ji 4jjjj1I (jUaj ^Jjlill <Sljj «.lja.j jj .Ji.UI (jSJull jj^ j jjj jx> %60 j 
t jjjjlll jl.no^ ^UII Ul jj^all aLw J BOD —II ^hVl.wl Jj I jJiS ^1 j3 
jbjluoL Ajjjjll <3I jj ^.Uij j t4j jjj]| (jlkil ^ j!UI jjauai^SU jrLjla.VI AjJajiiLil j 

.4jjlj]| J^U. jaiall Ajjlall 
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20-25% 

NO., N ? I NH 3 — NO: 




T>^ ■i 's 'V ^J l J^^ Aj^' jJ> .1:1 



%100 J— uai (j — a .(j^aljjil ii JJa- Ajjoj Ajjl - Ajjjj j>Uaj jjc i_i_>waJl sUa <Jjajjjj jjjj iakLa :18-13 Jii 

L_oJ ^j^a-c o^jj^j %25 20 <0*vjjij Jl* Jli yfc j>i Ai. %35 ^ 30 (Jihfl jaja 

A^oJ Sj^j <IilJi3 O^Jj^ JS^, ^fc yAjUJI JsjjS Ai. %50 40 j$Jajj iAliiiaS ljj^I! 



A£ jluua Ajjj^ Aj joj AMI Jj j Aj jjj j jjIuj ji^l AMI j| 

(jLLj AjL ^ . aSlV (jUaj £-« AaJU AjjosJI Ajjjjll <3I j]j 4jjHll 

U jJa> I JJ^)SJ (_pa^aj ^\ jA V (jUajj 4jLa*JI ^ (jl . (jja. j jlill AJI jV ^1 jA 

Aiui^ll (j ji=A\ jjLjj jill AMI jlj AjLaxll oiA jLiy .Ajjo^JI 

^-.uaJlj <UjUu c%8 j %6 u£ C ^ JJ^J^ 1 O 3 ^^ -(EBPR) 

^Ic Ajkill AMI jVI .X-uau j .AMauij^l cijjL-all otaa. tjAjJa i%2 <*$A\ jajII 
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al aaJl AaiU^a j c4jLall Jll jjl 4JI jl djULc a«.ls&j cAjIaxJIj Jw *n\l ^Saull 
.(_ ajj^all oLia 4 \\ y a J] Jji" jaJI jC ja .laj ^^ill j 

jjLo.jil] EBPR ajj^ djLjii- yij ^Ikj (119-13 Jiill) 

. jLaJI t—lUjouVI J Ja.l.}]| JJj^l aAc\ C_S JjiaJ 4jfilaba]l ClUljaJ ^ajjH . jja. jjUllj 
4C_Sjj^all oLl« (j^ajL^k Jfr Ajlja ui^l^Ulj AjjIj^JI Cllljl^aJI ^la^a.! -^-^^-j •^ X ^J 
,aAL\A\ L-lijjjll ojlc-J Jjl-la. M^JJJ (<J^ UJ^'^I J 'SjtjaJI ^J-ij 'pH j 

.ajj^I jlji. ^ j> %20 %10 Jl j»j M cjliLkill ^ Sic ^ 

lia j jSjJ (jlj I ji^a t-ll jull (jjauLii^Vl 4-<u2 4 jiv> u<bUI CilSUajJI jl '.'TV) 

Jl 0.5 hr jjj sic ^ jl JL j . j±a> jj&ill jlc. Jl cjl jiill ^ jj=J J>all Ljal£ 

1 Jj-aJ Jalida.1 j-»jl ^oLa j JJ^VI j& Jl j$]| jUaiJI j lalilaJ j*j 3.0 hi 

(^19-13) J ^jJi **Xu«]l 3a j^kj .24 hr JI6 

JS, Jalija.1 j*j) t ilAj| ja. 4x>£ Lg_lL t(l hr Ig-La <_£ ialija.1 t>j) ^ J*^ ^Ajlja. 

Jl jA!iUI jlalkill ^ .(6 hr JaUia.1 j*j) Jl$j Jl ja jl ja. j <(2.25 hr 

^JJ .^tj jLajJa] ojj-ai-a ^LabU Ajtslj Cilia. jLa aJojoiIjJ ^'n^. uiafolllj 

^C-jILjj . JjAixlll 4ljla CjUili qa ajjij^a Llllc-lla ill jJ AJj^J ^Jajoil jJ Jl jgJI JjUajll 
Jl j$JI (jUaiJI jl Vj '^3*^ ^JJJJ^ J] ^*a'^ <— lUuJaJI j* 

U-O L>° SjLijJ lilljj il ft/seC lAj^a AjjIjjJ <c.jjjo L^ajl lg «.lVi>>n 

1 g J uj ^ (_g jj> ^-iJJ ^JJ^J U^3^ l"^ Jaa oil (_pa*J . jj^ wi^VI (Jflj j JJ^>a1I 

JiU jjj^I sjlftl jl .5000 mg/lj 2500 cm ^j>^> J >^l JjSI Jc- 

JjVI ^1 jA^iUI jljaJI ^UJI t-ijjyaSI aUa (Ja.Jj <Ja.U j^» (jallia. jaI 

"oLoaJI j3 jj .CLllliill ^jjljA^iUI jljpJI j-a ^IjA^f JdJ-^ ajlcj ^-o ^^aJj 

ilxjj .SilJa. Ljjiill j J jVl jJJjt jAMSI jjjl jaJI 4ia.l^3l toJjUJI <JaJHall 

jii^ .4j jail yi jy jjVi s^s^i ju>j jl cji jnii jiai jjj^ii sjUI Jj^=, 

1.5 Jl 1 — J JJ^I lAjJj-ij i*JI j o^jUJI 4jajiLall aLaJI OUuJax ^L>a.l 
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0.8 J\ 0.25 t> s.iu.sbU! c^liLU ^jlLJI ^jJi <aLL CJ 1 JZ .^^W 
JS3 jj^^S/l £tIj!i.I J& u^* ^ djUkLa ^uxj .hp/1000 cu ft 

•luj-Vlj BOD _J t> 

t(ORP) J JSiVI oAuiSVI J "jl&B UJ? ■ ^ Sjrt'.noti AjSI jJ <jl 

J C1l}Li.1»jJ! J^J .4-iL*JIj a^aJlil J ^cLij Jjiuljillj 4Cj|j5j]lj cLjj-aVlj 

J jl£U ^ jjaJI J^Uillj j^jU! j> !A£ (dill! u^Vlj ^UJI j^Vl 

staaJI t_jLuiul JjOju jj& c*Uj j <jL«u> Cj( jjJ 5J! jU aSaall gl .AjLuJI qa aL^1\ 
XcHxj .AjjgaJI (_^_a^. Jj Jaliij j cjJjill ajlcj I . iLuajl j cs^jUI 4 )-i *n<\ll 

t4j\;\gMI 4jajlLa]| oLaaJl £-a JUJ jA La£ io^Ltll A^iVmII oLaaJI ^LuajLi ^£a^H 
(jljj^lt ejlcj t_lL}*»nl LaJj >i (jSuaJ .iaLaaJI elJaC. (J^aCj Jlgj]l (jj^all #-1^ J 0 
AjOiall Jalij £fll ja Lai jjauoiSVI JJ^^JJ Jc- J AaJUxll Jc. taLajd 

jjiuijill AalLaaJ 4JI jj (_3j'q^"i (j^-aJ . (Jj» un\l "t>^p* Jc- \ «jau3 tt ■ iLluijVI jl Lxuljl j 

^ j c%70 50 (jJLu 6^ jj^ ^ jjj '%80 J] 70 

.A^jjj^us AjjI jAj A iii^lV j iAjjl jAV ClllaUaj 

(j_aJj£ j^L-^a-a cjjiuijfl]! <UI jjj Ajjlill <UI j] J AlaJtLowJ! LjiiSJI i ■ lUaJJ 
.4_plc Aaia-a ^jjj-^a oLui J ^gja. <J2L^ JJC- <jj£j -^ ' ^""^ (jh<\"» j 

^cil <J jjl"n,n\l ^ I^jjoij Jaa 4<ia.^a]l AjjLu Ajjlill AJI jj — AjjUilL La Jj 

AjjI jAV <— fi J Ja JJ^ 1 J 3 ^' ^ jj LS^j cJ*^ \l r ' ^* SjJ^ sLl-a 

l " lU 1 1) j£ji^)J^\ Ac^uiJ (j^alaJ ^^jll j jjiuijfll] — 4-a£l^a djLjjJaC Ajjjjj j 
lDU. (j^ sjUiall 4-ajaUll ^paLa^VI JJ^JJ <LLJI AjjI jA^UI 4lnll Jjjj .5j|ju3l 
Cjbj i >>■» \l (j-a Jjla-aJI Jj dllLo! jSjJJjVi JJ 3 ^ AjLUiiLa AjjjJaaJI ojLall (Jlao 
sjUiJI 4-ajujJI (j^Laa.SU ^ jakJI ^loilujVl jjlj cAjjI jA <1u J j .4jjLlkVt 
L^jS LaJ tllLljjJaC ( . iDaJJ (j^J ' dllLuj j3 jj j jV 1 (j-aL-alal J LajujL*. 

J jjLkaJI jSjJJ .^jlaJI *Lul SjUIall 4-ajujJI (j^La^.^/1 c^jjlLa]| CjLjjJaxll 
.0 jill AjjlLa ^j^>j^all oLw La^al ^aJLail (j^AJj tLjLao <A\\\ SI (j^o j 
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j^Oi (gjjj^aZ laki-a (S) i^jjlUl j CitimjM k££ uUj)L» iitjj iliUIaft 19-13 <Jii 

Jjjli AjS!^ Jjj^ Jjju2q3! Jj Sjaoa (ji! jii (j) .fUiWI Aj2 (j^l (v) Jj^l J 4aJU*fl ijjjjj 

CjI jUJI jJjajj 4jjJ^JI 4Jj£JI (j-a 1 g la > * j SjUJall 4-<ujjj]| (j^aLaa.VI JjWq*i 
joa^j ja.^lmj (jl t ■ l-sj . (Jji ii jj ^1 (J jj^a ^jU jA V <— fi jjia I " laj 4jl J-all 
CjliL^VI t> * JJj^ll Sini 2LkiiJI sUaJI j Aalj^l Slojlj yUUl 
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5-13 JH» 

^JLj .AjjIj 4JI j] — <Jjjj 4jtLij-a ^)J^ <Ixa-a3 SAjuiSI j aJJ 1 nj 

Jajujjla (jl tj^juii otic, t— iljLu j^lc I^LucI .5600 m 3 ^Jj^jil f^"" 
300 SS 'BOD 260 mg/1 q^L^Ju 4300 m 3 /d ^Lj <-■ ^ 
^rjUJI (jajall 4jc jj luuo jla .31 mg/1 NH 3 -N cN <^Wj 51 mg/1 tmg/1 
2 NO3-N j 4 mg/1 NH 3 -N <N 7 mg/1 <8 mg/1 SS c5 mg/1 BOD 

16 ujj Sj jail a^jJ jl jjj t4700 mg/1 MLSS jj£ jj Ja^ jla ^kj .mg/1 

_JI 4JIJ Sjj3 t (F/M) Ajuou t^UaaLaJI BOD j-aa. L-boa.1 .18°Cj 

N -J! *SS -Jl *BOD 
= BOD <1 

:.260m& i.)!4300m 3 d t 
= (4700 mg/1) 5600 m 3 = 20 °3/ mJ d 

!2^0ing/l)<4300m 3 /d g BOP/d 



5*00 in 3 0 042 g MLSS 



5600 

= 24 = 31h 

4300 



300-8 

100 = %97 — — = SS a!\ j 



100 = %86^— = jJ^ 1 ^ J 
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1. Pomona Virus Study. Sanitation Districts of Los Angeles County, 
California State Water Resources Control Board: Sacramento, CA, 
1977. 

2. Retrofitting POTWs for Phosphorus Removal in the Chesapeake Bay 
Drainage Basin. U.S. Environmental Protection Agency, Office of 
Research and Development. EPA, 625/6-87/017. 



IAj^\ 4*1Ux» 

Nitrogen Control. US. Environmental Protection Agency, Office of 
Research and Development: Washington, DC, September 1993. EPA 625/ 
R-93/010. 

Phosphorus Removal. U.S. Environmental Protection Agency, Office 
of Research and Development: Washington, DC, September 1987. EPA 
625/1-87/001. 



Jljj V ^-ill CjIj'jLJLi <Uula ^ ?eU <ic jti EPA jjjU-a ^ L> 1-13 

?jjiui jail j LujaVI JJ^-j (j-* g^Lill (jJJjll CjjSjII jA La . A-pjlajll (jjJallj 

4jlj7 4jjlkaJI ^ Jill ^ La tl-13 J^ll J] £ ja. jL 2-13 

fCjLujj^l All jV ?CjLJ=, j^all 

?<J^uall ija\ t> 4-aUll 4au-all ^ * Vi ^-ilS 3-13 

^bujjpll (Jjl jla ^ljUj ^^A Laj t^lajll ^aijjll ( _ 5 lc J jjall La 4-13 

£-a (jaljiSLl ^uijUl ti >Vl -U-a&lj (# H£1I C_Ujuj Jill 

J^J& "-^ 5-13 
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4£1*JLi aUasJa ^cjJall j AA sjJall jjj <£>l*JI 6-13 

^L, Jal j jLSL s jjill j .hp = (gmp x ft »-.)/(3960 X*i_feJ fa iS | 
AiKll .kWh $0.15 aSLLII AiK £ki .(0.749 hp:^jLuu ckWh) 

<L>j.La (Jjir.nn JajijJa (Jsl ^^Jc c.Uj cl-mgd 1 gjSl ja ^.uljJ aUVlrtl ^cjJall 4_l_»jjuJI 

.1-13 JjM 

jl .9.6 mgd (j-Lu Sjjj <ajL 3 mgd j^a eUa L_iLiu»jl ^-Ly 7-13 

.<La.iiJI ^ jli. j sJia. j J_^J £-a ^.1 j ^ "S djl j JaLuijVI 
j jUJ| ^Ull aIojo! ^ La 8-13 

^JUJ! iakk ^ La d0-13 j <2-13 j d-13 Jliifrl JL9-13 

?<-llLuijjjall All jV ^jLiJI oLw 4jO jj jjjLua ^^Jo La ?^_uijjll jjaqjt (jjmj 

Mil.^l jI ^UI' EPA lLJ> t> Sjj.Vull djLLull di^J 10-13 

CjLLa*] Jx&\ ^JL 4-ajlS pSa Jj^JI ^ Ajjl jJI CjLujljallj 4*Lall 

?4jjjLMI j 4j jS/l 4^1*-"^ jAill jjLuj jill 4J1 jj 4-lLaC. ^-A La 11-13 



100 ml (MPN) ^jl jJI oUj jl jSII 

No./ 


mg/1 


2.2 


3 


23 


10 


100 


21 


200 


30 
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mgd l^iali <k=^3 JiU JiSill 7 mg/1 jjimjill j£ j5 ty 12-13 

aJIjVI J-** L« 'JjVl 3jj*& J>\ 100 mg/1 j£jL Uu^i 13-13 

.(2-13 JUI ^ J 

(j^> jjLujjfl]! (j^jaiol 12-mgd l^iaUa AJaa^a Aiill L_u.iklJ 14-13 

lj-oJ $210 90 mg/1 4iL^.j c^L .0.5 mg/1 J\ 5 mg/1 

,_^ajaij (j^y ( ffi '^J^-^ Ajauj ^n'l'i (jjjljia ^J^l 15-13 

.6-13 A^jJajA cdiil 4^jLLa 12 mgd <alL Cjli <L^a 16-13 

C£-i*J CA^jJaja f~>~* ^Ajj jLaJI (jja.il]! ^jjUlU jjajai jail 'Sj*^ ( 1* n"»l 

?5 lb Al/gal J jla-o ^uiU (_£jLau t al^a ^l^aJLaiU <CLilL 

J jaU ^j.^r.^ill j ^j.^rll (jijaJI J^Li L c2-13 JUall fhViuilj 17-13 

Ijj ?6 mgd l^clkLail A «\ ^jjUlL? <illj£j mg/1 1L SjiLa csU^J 4_iLall 

ja.ij ^1 ja!1SI JS j t(VSS) (> %75 ^auj 4jjLo Aj^Jaxll aUaJI tlul£ 

?<a ji-^oll *Jj\«jll aUaJI AjL^II j| jaII Jjla ^ '(VSS) <> %50 

%26 ^ 4£*£ll cj jU j aA^W jI jJI (> %95 ^Ua^l <> *Ia1I £ jj o£aj I jj 

f^UL jllj <-M jjjll ^JL; ^ cAaLJ! JlljJI (> 

U ^^Liai^II jjLoj jail <ll jj ^ <A,Wi.i'J i jaII ^ U 18-13 

?Ujaa. Jjioi jail 3JI jj jjmVil <xAaJLabaII AjjLajSJI J jaII ^ 
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JLGll ^j^A (jlSj 7 mg/1 (i 3 ^ <y jj*"> j^l j^Jj i^f 19-13 

d mg/1 jUJI ^jull J ji*. ^Jl J J\ lilBj 0.75 mg/1 ^W^l 

Al ±>ju 5 ^Ifc 4_ijL>ill ^Lill ^ I jj ?! $Sal > >■] <-_i=J jll ^LuiJI 4jaS ^ Lai 

. (jjjio j»Lil 10 oAa] (jojjilaAll (jj^iall (jl Ji- J ^ » f t(j_olliJlj 

12- JSjiil ^ A^Ja jaJI tdlil 4$_iLLa 6 3 mgd L-iUuiil 20-13 

.7 mg/1 » j^a jjL* jk j ;280 mg/1 a jja SS j <320 mg/1 a j^a BOD Cj13 <13 

M***! '20 mg/1 SS j '22 mg/1 BOD ^JUI <^ £ j^l t3^ ^ ^UJLj 

4jc l^)J*-a Ajajuolall L_ajjL^all oLua i>La^.j AjLu^aJI i—fljj^all oLi«a jjiuijS oLta. 

.(2-13 JUJI J\ £± J) c^UjULj j£ jolL 

4-ajla Sjj^all eLui ^ (jo^jjlill j jjiuijill j-l^xa jA La 21-13 

(ja^jjaillj jjiuijill 4»aALaba Ixui jia jA La .120 gpcd ^Lu uj^j^all 

?lb/capita/day 

Ltf? m^Vl AjjI jA^iUI j "i^l^UI j jgJ J^ali ^^"^ 22-13 

?|jLa]j till^aJ L_Sj^)ja '"<•»■* . J j^,_&a3! 

j joj La 23-13 

a;? L&j 15-13 J^JI £ j^JL 24-13 

^ill jjUl JSL* La tO.0154 lb 0 2 /cu ft air ^ LjU »t j^l jl£ j 4 %6 

?4iaJLua <jS-aJ 

cJja CjI jiill <> 32 mg/1 Jic 4.03 mgd LpcLLU <k=^a ^ j^o 25-13 
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U (13 $/gal ^Ijj 4il£jj %95 a^jO? (jj^ JjiluJI 

1 fhyi,.L .18-13 L&iil liaj2.2 mgd Ijj&UaLJ ^Lk^o <'u ft ,n 26-13 
—It t> %40 aj^a <-Jjj *• £-a t J jjljxa ^jjU 1 = lJjuII BOD —SI <> Ai jL 
BOD <*ja a l WmL h^.hoU BOD — W ^Lj » Jihll jL&Il J&ll BOD 
y&jSill 4aL& <^Vh/J BOD ^Jbj ^ (200 mg/1 U jja <Ji.U JjiiiJI 

— LuLbajS jjLujja]! ^Jljj (»JJ^ AJajila Jfi-a "oLa^. aUaj a ikj . J 27-13 
^j^^JI ol^a IjaJ juC LSI a,VVunl .Ajjgall *J?>^- (j* ^juiill ahVlmb LjjJ^. 

2000 ^jio ftlLVI <»j 3.6 1. lg^»a ^ Culj J^*aj AjLjA) 

J jla-JI t> 250 ml J) 200 ^ jIoj ^ j j tMSLL J> mg/1 

pH dul£ j t24°C (Jj 22 jJJ La ajljaJI dla jIjj .LwjJ ^-j^aaII 

S ja Ujj ^ii3ll Cjaj ^1 ^iB jl£ .130 mg/1 j 90 jjj SVI *-u3 Cu^jI jj j <7.4 









9> .ml <_£ <ji ^JjWall Alii 


(y> 10.0 mg 




(mg/1) 


P(mg/1) 


SS (mg/1) 


BOD 

(mg/1) 


(ml/day) 


(1/day) 


350 


10.3 


94 


150 


0 


12 


350 


10.9 


104 


158 


70 


12 


340 


10.6 


114 


169 


140 


12 


360 


10.4 


135 


173 


210 


12 


320 


9.3 


123 


173 


390 


12 
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(mg/1) 


P (mg/1) 


SS (mg/1) 


BOD 

(mg/1) 


(ml/day) 


(1/day) 


230 


7.9 


7 


6 


0 


12 


200 


5.4 


8 


6 


70 


12 


160 


2.4 


11 


5 


140 


12 


140 


1.0 


10 


10 


210 


12 


80 


0.5 


17 


8 


390 


12 



jjL^ja]! ^gJI ^LnVi.nrtll Ajuill 4_u jjll 4jjou1I j jjL* jail 3JI jj t-iuia.1 

t—boull kka a ^joijI j£l <_aj^all a La] Jiljll Jjajj]! ^3 ^Lva-VI 

dlaj (j-aill sUoxaII Cjlc ja. ^jij] <Ljjj]l 4jjou]I (JjILs Jjijoi jiSI <]| jV 

.2-13 <LL-J 

Ului j^ ljUJ ^uJaJ £ jj3I .SS J BOD J 3JI jj dilcUS -k^ jla 
^jj ^1 LjI joki (> ^L>jL]I CjI*L&11 £-UjjI j SSj BOD -Jl (jiltoJl 
I jLa] .<LaJL all 4 La al ^*.n]all (_Ll£]l c^LLalb Jj*''*"»j ^J^<*. J jj^xaJI 

?Alill <Cja. jLjjjl ,x-a £ jLUI (J9JS1I ^ 4jjlS3l jj^JJ j - a 

<U^ajc JjL ialal ts lc AjjISII j Lj j«£U CjLLj duuoa. 28-13 

Liu .10 mgd t_jLu-jVI Ja*x £L .168 ft a!J=j <18 ft j <100 ft 
.AiLouJI iS^CLa UjUj l^uiijl j k ^ l-loia.1 .AiLouJI <JjL\a 4-jjISII j Uj >aVI ^js 

PttU^l^ = -£(MLSS)1.024 r " 20 ? 
> - .— 

r = — — 
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(ft) AiLa-o 


(mg/1) UjjJ 


(mg/1) ajJs 




16.1 


243 




' 










18 


8 










30 














4.55 


































78 


2.31 












2.44 














175 








114 


0.87 


172 










1.25 


172 












173 








150 


0 42 


174 


156 


0.4 


172 


162 


0.59 


169 


168 


0.55 


170 
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.jja. jjoill j Jjii-i jail Al\ jj (jil jal Jlxjl i5 mgd LjjaUa 4jaa-al Ala. 29-13 

jVt jj--^ <JjjjjJall 4jjIia£]I Jl jaJI ^ La 

^ t (l60 g/m 3 /d) 10 lb/100 cu ft U j LijJ ^Jiiuib 30-13 

.16-13 J^ill ^jLLu J^kloiLi t*Uj j 10 mgd UpaLL ilka^] ^ jaJI 

?4jJj13j]| 4aJUuaIU jja, jjiil! j JjijJ jail Jl Jy 31-13 
Jjjj* ^ jaaj V ^alx* 4jaa-«] 16-13 JSJlM J 4-13 JliJI Je1 32-13 
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14 JusiS 



J ■ j i ijqVill jl l^laj till j j ^l^aJLail oJlc-j j )JJ3U V tjlgjVl dll i > f-i a 

,_^axj c4j3 jaJI oLiaII Aj-iij fi.ilc.Jj u -l.v^"i...Sfl o^lcj j 

4-aJUiA j AjjjIj A -s. SU a joj jl jjj 4 ■> \U a <=>.JJ eU-oll ^A^Lail ojlc-j diliuiaJ 
sjA (jiiUll 4-alc J jj^ j <?-J-i ^jL? ^>J^ JJj .A-a-lSla 4jj11j 

CjL£LaJ! ls jJo\j\ j ls c\jal\ ^jJal jl ^ J 'Oaj .<aUJI 4 -s > alb ^IajAVI <_£-Ja j sUall 
«<L<sl*JI (J J-k^aj (JA ( JJ^ JJ ^.li. nU^ *Ujl& 4-lIaJ^A Ailala Jj?-J £a) Aj^IaJI 

• AjjjUj A^lltn £a ^j^uKm Clll Its o jl liJjJ A aJaj) ^^Ic 4jsJIxaJI j . aJJJ jii j 

jjJaiJI CjUJajowJI j ^ jl jjjill Jojoi jjj jj^xLl\ (j^Jal IaII (_£j ' - '.'"'"'j 

^Lall t-lUjJall (Jjj l$J,JAJjJ jUaII sUaII J) (J^jjuIL 4_ij£aJI Jjlaliftll 

JaI ^jSiuIl (j" 1 "-^LjjiaiA £-0 AjuSlj 4 \U <\ (jli lj] tjjjjjllj Isjh 4->jVl 

1 ; iIIjlJlJ .i-jjj^all oLa dlLjajAAjl £-o AialjlttJI 4 j-s > (J^lajl L- IjILa 

<SI J t_S^j oUaII ^-X^alail Jj <=JU-a 4j3 jajl sUaJI Aj^u ojlcj 



1083 



Ji3j tLoL-ajSI tjj^J La Lille sLaSI ahVlMil Sjlcj djlinLj JJjIaJ jlj3 (jl 
jl 4_r*Jajoi]l sLiaII ,J Lj-^^la 4jjl j (j-a L_Sjj-a]| oUa ^j jiaiSI jA t*Ujl I—UjoJI 

La :<JIjjjJ! (jj^JjoiS ^^)Jall 4jjl j (Ja Lg_iS] jlaj (jlfl .sLiaI] j-L^aA^ Lg_lIJ 
oLiaJI AjC. jj tljLlLla -1A1XJ ?4_laJ=uai]l oLuJ! ^ l^jia] L_!j1La1I <L>JLla]I jIuaa 
jSjJJj .5 cJ ' J "*^ ^ I— luiS jJ t^^J ^^"ull a > >i-> II (JiLaJ j ajJa* ojja ^^ic jial] 
(Jill <J^.jUJI Cilia^ill i_iauua JaJJ La^jfr aLbal! o^J jJJLaII jjc- at la^oiVI o-ilc-j jLa-a 
oLiaII j.1l^a£ jl Laj t^J^ill t (JjJaLlA 'La ^ clisikj Cli^^L 

L^jiaill ^LtudVI (> ijfis" ^LlaII aUall JlaJ tCjVLaJI <j^*J ^Jj .<aI*JI 

cs _a.jliJ|l (jSJil] 20:1 4..l,».'UJ 1 LiaJj j3 jj Jj-la. jii*J tliLjV jit jji.t . jJlLall 

J '20:1 uj^ *■ yi^'W jL^ jj La! .4x1*11 a^^W jl j cjjikj aA ^Jc Lj^all aUal 

oU-ail LjLuiA A 7» \U * (J _aialA JaVI ^Jllalbai i^jalS JJC. Jlajll j a > ^ \\ SjJS tlljl£ (jj 
.4aI*1I 4aw^ll 4jLaa> c*llj j t^^aJajmll £jlall IajIoc-V U JJj-IJ .jUaII 

oLaII ^ l^a.jia (JA 4iK JSI eLudl alvViMil ajlcj jjSj .03 4£ jJall JjojS j 
(_£jll allVlMil a-ilcj aUaj JJjIaJ aJ t^Lai .(^J^ <_JjI [J\ 4il£ jA jl ^jaJajgJt 
4jO jj JSLLa j CLlLj i >vt.\\ JajLall jajII ^AJaj Joijjlaj 4 ^joiU^Ij ^gi ^Ijjll 
aJ .ial . J$jll L-bnaA aUoLi aJ ja. jaII 6 joaall ^j In mil ^ jlall jjx AjajLill a[±A\ 

ajIUJI 4iK3l (j& Jj^S sUaJI al^kluol SjIcV 5jJUa j aLLj jjjIsj 

AjjVI . jJ^. j jlill j jjLujjfl]! 5Jljj ^gjj ^j^J i_ajj^a5l bLia] 4-aOala A^JLtA 

.UjjjJj ^LtA aLw JJ>kll U t» mi « Xalc- oUaII (j-alj Ijc. tJaia ajai.VI 

jj^aaJI (jA l^3^ Lfc^JjJj jIxa aLiA al^ivluil ajlcLi jjfl ">"^l jLuc-l (jS-aJ 
e^U-a oUall a^bin J .oUaSI jjL^xaJ (jaJJjll ktla^jll JXi. aUail ^La^VI 
t_j^iill eLiAJ AjaLjaVI i— il ja^ajjll (jjS < " K—jjJill sLia (J^hm (Ja jjjJoII 
(—l^ill oIoa (jA 4jsL^a 4oaS JJJ^J (^L^Lij 4'ojSjla JJC. Lpl jl jj^l Laj 

(jiaLlAll (Ja JJJ^ll / j oLjaIIj Clll jjg Vlll Aj^j^a i . IfutjJ dlLal^aJlulV 
jjjill ojIxa sUaSI jxvu liSjiJ diLVjj I^Jjjlaj 'Lijjjjl j cLujjiJlfL Aaj^AJI 
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oLaIL till jj^auJI Jj V jll (jjialiaJ! J tlLillill jaIoU j .<JjL*aJI ollAli 
(JLaSluiV l^a.^ » fVi.nl j sIoaII ^»l IaJjuiI a-ilcj (Jj^. ct_ljjUI eLiA ( " \\ y lii^lj 
t^jl£ ^Ijjl J 4_i>?JI sl^l tljULlsJ J^aUl .t-ljjill aLlAJ tlljjgjaull 

tllljj^aa]! tlujL ' . iluu (_^ill ^«VI ajlill Jj la-la all alia ■" ' I .''JJ°.!^J 

^jlc jUjV oUaII tjto. 41976 *lc AIaj .(-Jjjill oLaj 

. oLia ^1 ^LaJ 4.1l*J Aa. Jl A ~\ SI t <i 4 -s \ » n .n eLiA ^»l laJLuAj ^^SJjjJjA 

oLaj jjg Vlll f. >n j 4(_£^aJ 4j3_a^. oLia £a oLiaSI o^A ^ jIaj 

^JC AjjIaJI (JjtaJI J JJJ-^I 'ojU-a sLaJI alA^Lail Ij i a£& JJJJ VI JlAb .<_JJjjo3I 

i4Uu&Ij CjtiUlb Jj^V 1 j "W-B 

(j-a c<aJUi»a A a qa ^jliJI (_33^jll t-Ja-m (jj^J (jl C^iJ ""^O^ J 
Jc. A ^ n\\ 4jjj^>jJall oLiaSI 4jc IjjLa l J^lll J 4^.Joj (jill t_L j . m"ill 
^JaJI oV> Cy ■h^*^ tliUlkla Oajju . jgill ijlal Jo ^jISII nkll JsijaII 
luaL sUaU OiLoH ^I^JjujVI <jl£ Laijlj • J£^W ^JaJJjAll eOiLail tllLal VViniVI Jc. 
SjIxa oUaII 4j& jjJI SAsa> 4jJIxaj »U»1I t_J jlixaJI t ^LJI jjc. Aaajlll 

t <1iIj^*a1I <UI jV AaaLjaj A^aJUtA till AIa!Lo I » Jgll-nmj . l^ak jJa JjS 4 jj j^j]l 

.SjjSlaJI i_jAll ^Joa jfril! aSLLJ UiS tillij 4(TDS)j 4^Xa^/lj 4 jjUaJIj 

tlilALajU (3l»JJ AjjI-a tlLuU-aaJ ^jlc. AjfLj^aVl jlj;laJI ^juiaSI AjjA tlljaal a 

.t_jjj>«a]| oUa ^lliljj <aU«JI oUaII til jj^aJj ^gJJ l^JL^ajlj 4lAjJlL-aAJj 4sLia1I 

%2 Jl J 983 mgd Uj^ jUaSI lJ j^JI .Ua 4 1995 r lc 

sIiaSI jjL-aA tlllajJ^ tl^joiflj <LjJI J j 41000 mgd <iJUll aj^L^aJI t_ij^JI aUa 

t> %0.25j t^aJa^l s LjaSI t> %80.5j 4^^l oL^I <> %19.25 a^WV 1 
mgd) IpjjiJ^j '(209 mgd) UjjyJ c^UVj tijl£ jil .jjjJjII sjUa sUaSI 
Jl J 4696 mgd a j^a JWJ <Sj>— (271 mgd) l-^jjlaj '(216 
Jl ^ .UjjJ Jj .1995 ^ J j^j^ll si~> aUAil ^ jll JIa=vVI 6- %71 
djUjajai 1-14 Jj^?JI tj^y -jjj^ ' aJ ^«- a cJjj^II sUa jja %37 
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iiujjl & .1995 r lc 1950 flc ii. Sjj'^ll aLJj ^UJ^Ij JLijaJ 8 LJ 

jjL^ax j ^£ j£ja!I JJ"^ ^ iSji^ tjj •^3^ a ^ JJ^J L$J$ ^ ohM ^ £jujjj]I 

oLaJ) fl.lilu.lj sLaII CiLjaaJ AjSjjaVI ^jJjjaJI £*-a!1 ljULu :1-14 JjJs. 

^ jJL CjU jJliil &yit» (JVU S jJi« jjjliil S jIxa 













150 


34 


1950 


0.20 


198 


48 


1955 


0.60 


221 


50 


1960 


0.70 


253 


61 


1965 


0.50 


303 


69 


1970 


0.50 


329 


83 


1975 


0.50 


361 


84 


1980 


0.58 


325 


74 


1985 


0.75 


325 


81 


1990 


1.02 


324 


78 


1995 



Cj|*li£ll j iei±A JJj^J ~t>Ac\ aijj < _ S JJ ^iLi'VI (j-aSill (J j*j jl ^jSaJ 
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j_jAjL ^ *— ' J^J Jjill JLaaioil ^ ( _ ? 1c. A M ^ixuiall 

^ij AL^aII ^ sLaII ^^A-iiiaiA £a ^ isjjljla Ajjxj^a ^jlc- Jj3"* LS^W 

IaIajaI sUaII sjbj JSLLa frXil LJLau .Sjal JL«\\ oLaJLi Cj| ja^sall ^Jc t^clu^ll 

lis j IfrAhVunl a^lc-jj £>Lia1I Ll>ULiia.V (_gjia jll -Ljai jjaJI 1-14 (J^J*^ 
AiUaJI Ojjol *L*U ^ULuaI j£\ *1 .Ujjlij UjjijK ^ 

.4jclju^JI djUl^l^VI j c<aU11 oUaIIj j^-?^ j jj^' ls j '^jJ jj^ 
t> %90 oiVi J CjLV jll gi aUaII ajcU.^IIj <jc.ljjll cjUI^Iuj^I ^-Lu 

djU.Lla.VI ^ VVinn oUaII ^ja Jaa3 %10j .4jjIa3I CjlljauJI (JWj 6* %40 
• 80 gpcd ^gJ] gpcd 75 (jA jl jjj ^j^^a sLa L_]Luiij| Jajujjlaj ^ mj j 
(j^AJ L_sjj»<a sLia ^Ijj ^^jJI 4j1^ja]I oIoaII j_^aiaaAll ^^.^ll jjl (jA (^^^J 
SjUaII oUaII j-WiaM !1a V] 'JJJ-^I oJUa £>La£ Ig-alaAlJ jUal lgJaJl*A 
^ ^1 .VVi.nVI ojLcl dj^Uatluil jjS! (jl .^IjaIaII 4iUJI (^LiaI] Ia^a JJjiill 
oLiaII AjO*J ^ jl c j. CllLaJajaiAll '^'jj^' tSjfl LS* ^JJ%^^ 

(jJal jl jl Jcj Joa t^aljJI elil jj . aaJj]l dLal litlmVI cH 3 *^ (j 1 "' jaJI 

^gi ^^iajuijj ^A^Jj . ^1 <\yii»yi (_3iaLlA ^gi sLjaII ^a^j llllil JJ^^ (jialjAS '^Jaj 

^t^aJLoil ojlcj tdli ^ Uu^ ^1 rty'hnVl (3^^° oLiaJI <jA '-^jj^ 

sLjaII AjOiu t^ljjll tijll ^ <a SaS ulh!\ liUj t> JiSI (j^<JI ^ eUaJI 

^jic. j sLjaII j3 jj ^gjc. ^gitiil ^1 ^"wdVI -iAjaj .AjcLu^all CIiIaI j cAaS jaJI 

^ jjLJI ^IOa1uj!)U UJUaII 4Ixxa ^jio j tAjjiaJI sLjaII j^L^xa] 4ajjoull AiKdll 

CliA^a c2000 file ^ jiall 3-»_pUI UJUaII An mill CjUkLall Jic j tftUalJ 

jU.v.o 401 j t^jilu. Cj1£Haa 103.660 — J ^ns. Ijja lajjjla 4jV j 
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Lujij ( - igr.l i ^a] . jjjjall ojlxxi oIaaj ^Snn c^^joij-la < -UlLb 159 j t^ia-la. 385j 

.1995 fie ii* l^jjjla j UijjijK ^ oUJI ^1 W<.«l Sicl 




Lilua (> Ijjdl sU»ll yJUs.) (!) .jjjj^I SjU- »LaJI ftjiU j Lid! sU»3! gljSaJ :1-14 Jii 

yi tilua t> Lu jjialLS jjjjOJ! SjU- »1>»1! pliiU (lj) .'2000 fUA »L>a1! flJiU 

iij* <> iljiw). 3 2005 f UJ! yi fJ.siiu.1 Lii-a 6- LjjjWU jjjj^I ilx* >UA f lJii«! (^) . 2 2002 
JSlSa isLaS! jjUm SjjIj iLujjiilLS iJij ljU^jII alt*]) ^iJaMuil ii)Sj>»Vl ^jljjaJ! ^uiaJI 

Water ^2005 »U*!I flJiU Siel j ja. <»l>d fljaVU Si*) g^U jj .imJ LUaJJ Ijjjj^ S <.»\*»1\ 
Facts: Water Recycling; Florida Department of Environmental Protection, Water 
(Reuse Program, 2005 Reuse Inventory 
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^\ jiflj Ajc jl 1-14 

^jll J.^in.nVI f Lkj" jac c^UjUaJI CjlL^A ^ jL EPA CaAi jal 

Igi jjc. t^jUl <jL»J o- 3 ^ 1 J 3 ^ cs^^j (NPDES) "cj'jLJI t-Lj,.ViH 

jjjl j§ jIajcI jaJ .lilloj (j^aoiJjJ £ejaj jl oLaII ^hVunI %Ac\ jjjl jL ^SaJli 
^jx ^c,j^j ia^^ala eliLiVj ci^ 3 'aLuJI (JLajiiuil ojlcj i— il S^jJolJ jja ^-"'Ij j^ 4 ^ 
jjjLcaSIj (sLaSI JLajiLail ojlcj dlliniaal 41aLj ^jl j3 l^Jjl CLlLiVjll jA 'jd^ ij' 
jjjl j3 IgjJ AjV j t> U Ajl Vj <<=JI*a11 CjUlkLa jl aLaU 4a& jj jjjIxaj 4iial<JI 
tlajjjaJl^j 'Ijjjjjl l — 'V^J ^T* >Tij .4l<i"i^ CllVLa«AuiVI j <i * >>"n 

; -.ht <i ^Jaij jjjl j3 (Tin J3j sUaSI Jl<iriuil aJllc.1 jjjLj£j j ^IjlAj tljjjjlaj 
i - tl i\ j| oLiaJI 4_jc.^jj ' Ijl lHalLo Cjl 'V oi& (jjjl^jall v>^"t i "tla 1 1 Wtt l 

jj uaj j 4oUa3I Aac-jj ^^Ic AjasUwall j t4_aUJI J AjIasJ AjjjjjJaJI AaJU all 

.^j]| <1 ^aa. CjY^-o jl cJjOi £ jlal Mjlil 

CjUU-uaSI j t <=Jl*All diULfc t JUrl.,nVl ojlcj ciiliukj 2-14 Jj^?JI jtjJj 

(j£-«J .13 .s-ljilA CllLV j lJjS (j-a dlj_&la jjjIjca jja ( " it a 7. sLiaII 4jC jil 
^C-ljj <aI*JI l_ali-aVl (jAjJa dllc-jAa-a ^ JIaxJjujVI ejlcj .IsIa:! 

is.jlc.jj 4 Ajkd JJC ^-1* LSJJ C5^"^* ^-^-5 tJ^'jj <^JJ 

oLiaHj jjgjaull ^ <a .^"ii n<\\l AjjIaSI (_JaIj^JI Aj^xj a-ilclj t ^^C-l '1 1 ,0 ^>l ikli J 
jl i_a jjxaSI jA 4i j£J oUaII Aac-jj ^gic- JjJalU <UJU-all 4aLac Jaijjj .4j3 j^JI 
;4j jjLi Aj&jjj Aajjuadjqba IaUa ^cjjj oUaII Aac-jj CllUilalaj A -\ \\ t <i\l jjj ^aoII 
AaJlxA Ajjjlilll 4^JIxa1I ( ■ lilaJJ ^ .l^Lial ja <-_ikjjj ^1 -lajl jj^aJI (Ja t j La£ 
.'fl ^ui^ l (jAiiaJJ jl ( ■ 1-^ j LajJ '^jl 

j| ^jaIIj BOD 51 All j] (jJc- AijUll Igjjii] o^lc Ajjo^JI Ajj^I ^'iVinn 

^j| jaI^o 4 t^ ■ ^l^aAll j t : *fv**tl i, . *-*\ \ aLiA ^Jl A-JjLxA-J^il jl^aAll ( ^ l flU 4 u ■ ai l 
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ija Jal ojjSc <ia ^jjj U i^tJAjA S JoLjoi jl AlAa jac. 5 gpm/sq ft ts ic Jj Jy V 
S jj£*JI cjUlkLaj ^Jj J ^JLiiJI ^uijlSlS c^JU-a CjULc ^ .2 NTU 

tjjKJI £-a (jiiLaoll <>aj^ UJ^J L)' .LejjLaJJ jl (_Uj1£1L CjUjjljSJI 3Jlj]j 

<450 mg/1 <jc J£ V ((^jIoJ! jjKII jjSjj <La J ^Laj <> j £ j> jaj) CT 3-aJ 

L^a JJJ^ll .LjllJauVI 0 jji ^.il 90 mill <jc (JL V ^^ij-aj (jjjLaJ ^-a 

Al j-aaJI ti ic. J jj3 £jJa j] SApaJI tlll^a-a]l j llAAaaJI (j^ui-jJ j jLlkl CjLjV 
iLsJU-all 4-aiiji ^ Aifcla jl jSIujVI liljJ (jj^ J AjaJU-aJI CjLdkla Jj^aal j 

aJOatla liljj £-a cCjLullLVI CjL^jjS j <jl.lpll (_>a jJJ <JljV ojjx^iII 

J^J 4jjl jjII LjjjIJI L_aikj La£ .LajJ 20 jjL>JJ <iajS/ LtliJI 

o-ilcV 4jja:lia o^all o^A JjSIujj .^»jJ 25 UjJS Jilaii.1 a jib 4jaUI liljJI 
.AjcLL^sII diLal^iajjjVi (j <r> ; j (^^Ijj ^Ia^JjoiI 

4jL*j_JI jl j all ^JLuaJI Jjjj 1 13 lL^AII ^ La] laSjj 

^ ic. eL_a£U j l-iLo, jjjaJl -Ulj'y f03*J t.ilkn Jfl .oLoUjljlj Lj;!^! j 4 <uLuail 

AjfcLu^a — SI Jal <uVl ^ Sc- ( -i (j £LaJ .oL-aJI ^\ ^VimL ^.au'i ^J-il La (jjiLa 

a j m * ilA&HiJ tlj^J .Sia. ^ <1U. J£ ^LJ ^ -LLai j ^l.^ia£U 

j]| <Jj3 jl jiLoil liJjJJ t^-lLV jll ^.<\un t^^lfLaS tAaJLl <\\\ CllLliala £jJa j 

^3?^J '*J_?^ J SJjluSI ^-a 4jaJLuall <jjjl 1^ t - J LV J^l ^.h^ ^ Jajilu (j£J j 

^jjlj 2 t _aLia J i(2-14) Jj-i =JI ,^3 ^J-^a JJC- cdlLVjll ^Ja»-a dlLlliala ^ 

(jj_^J j 'AJjAj 4 7> \\ r <\ djl^i. jj i jlij] a_)^.lj cAJjAj 4iUa " ■ '--"'''« ^_s^lj '^J^J^ ^ 
.4j£jjLajj jl 4 <\h'il j t^_j 

djLLaxll Jiwu j t^iLUI djljl^l ^UaajL 4il*la]| lillj JiiVI S j^.^n 
jUaojl (j^j J^V^ (jjUajJ .^jjJujallj jlaallj ^Jtojll diLLaCj Ajjo^JI 

jJjXJill S^la-a oLuJI tlj'jij (jAsui lillj j jl jia CllUaLjli.1 ^ jkj J ^aVI JJJ^aS 
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jjjill S^ljca oLfall (JLaaioil Ja-aj 


(24- hr) 2 NTU > s jj^ 
5 NTU JjU2 V 


+A ein^ 


JLaajjJ s^lc-V a a JJC- CLlliuLj 
sUall 


aLIS AjJ jj diUj jljSl jj^-j V 

ckjjjlallj j»Lj|— 7 oAa! t Q.'n^ll 

.23/100 ml> Sj > a%c 
10 mg/1 > ^SLaJ 

(t'll nr. (JJtai. JJ^JP -Ixuij^ia) 


^Jjoljp iAj_jjlj A SI T « 
(jj^jjjij aJI jl 4 dll JJAl] Jj 

^JflaJj i(Ajjij All j)l) 


lgj3 LaJ Ajjlic. Jjj-ali-a I^jll 
t i JSU Ailla Ajjia. Jjj-aU-a 
4(Jjljl.la CjLalj ll_«J d]La.Liai 
(jjJaLiall j i i u a 

UdjiSI 


AjsJUaII (_£ V jt J 
y Aa.j jaJ sUal! j <LlJI 

jgjil Axfuill jl AxjjVI 
.AoJaLal! 




4(_£^)l^J jl It Jjji I^cllwa 
^1 .il ,Wn ^jIjA ( 

i_iliJa .'in; i JuaTi AjlT ^j! jl 


(24- hr) 2 NTU > s jjS* 
5 NTU jjU^V 
aLU ajJ jj diUj jljSl jj^-j V 

tJaij, jlaHj eAal t Lj£11 

23/100 ml> sj > a%c 


A ciji^ 

^Laijp iAj_jjlj A SI t « 
jl (Jjljii-o ^l.'lV'iuilj 


(jjiia^-a]| (_>»i-aJ (jl ( ; ll 1* all (j^-al (^1 
jjKll J l^luil t-lsj AjU tAxUJI J 
ol_La a 11 * aJ Aj^i^ dllAiia (_^1 jl 
^aj (J*^J AjjljjJI JJ_)illl 
A-jj^ o Clljj i >ir. ^1 jl jj->jlll 


AaJUi all V (jl ' 
y A_a. jjAall olfall j aJjAiII 

A D 1 1 nil jl AxJjYI 
.AoJaLal! 

24-) 0.2 NTU > SjjSft 
0.5 NTU jjU2V(hr 


Si^ aUail 22 Liijj^ 1 ^ 
(a-oSjiJI j Lq1\j jjjjiil 

J laamU Ajjjlj Aailxx 

l(_5jjlill ^Auljpllj 

t(_£jjfLia]l (JjS jlll j 
^ mi^»1I ^i^aLiill jl 


^jIjj (Jul'. <i cdj^jfallj 

jjal _jj 4(3jI j^JI S^«K„ idc jllJI 

i*llill (AjjUll! J^liJ! iAijjll 
(JauiC. t ( _ g C.l l^all gJHI ^'u^i 
oAiLa Oliiikj t(gjlaall 1— ll jUuill 
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c J U J ]>]< 200/100 ml 




cAxjjjoi (JJ^ 3 '^W^- 4 'lSJ^ 


< \t*<>\\ AjJ jj 






> cOjLg <Qic. tJam jiiallj 




<jj j dltSljj cJiLiwi ( IjS a (J ji. J 


800/100 ml 

10 > cs^W-j lW^-JJ^ 
(CjUuC jA*i. -kjjjl^mg/l 

oUjljil < 200/100 ml> 


511 :\ ,1 . :\ : \ 5- \t- 
t ^Ajjjj AJI jj) jia.jjjj 


Jjj^aj Oli AjjiLall AlJjj ^ jl joj 
A^ajLall CllUjlaJI ^^C-l j-a c^ja*11 
"_5j t^g ji* ill liS^LgHuiVI ■ ■ ula 
J^U A,^^ n jjc Cjljl jJ=lL 

.L-iiljo l^jil J j i .-1 jll ciiia. 


AJl-1 oXal t L5&11 AjJ jj 








B uiii^ 




800/100 ml 






.jI^jaII Jj^i. £-i-iaj (J^oJ 






5 mg/1 jJJ Aalxxll 2JL all 






^-29 Ji 10 mg/1 


.. ^ ^ 




j ,»."*. V tjs5U aLIS Jj^aU^i 






jl £cJaj Vj tljJ JJ^J £ jS V J 


4 oia ill Aj^jUill al_Lail 


i*n i i— joi liSj V ' aijSj jl 


Lijl ja. IfrjaJUua J 






'ijla-o IaLlo jjiaj VI /gii J*n 






jjjjfill 




cJLjlL -<~'<l| C(j_j5jjll Jala. t4jjill 

A •> 11 » <1 djULttC t^jljjoill (JjjLllC. 

. (JLaxll jjLoj jjj AjC-Uu-a 
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^Uijljil 1000/100 ml> 

aU-7 eAal ( ttfoW 4jjIS AjJ jj 
oJljia 4jjC- iJaijj jialL) 

4000/100 ml 
BOD -Jl ^ c£*i 

jjj 4ik-all AjL^aJI J jJIj 

60 mg/lj 40 rag/1 

(Jl <n'l i 1 jj-aJSJ (jl j^oJ 

(jj; JolJ j^oJ . JajiUlL j]l 
^aJ (jj ^aJ&ajl] (_S J^' 1 " ^ ^ * 
i_ij^»ll olxo ApJP 


jjxi Timlin ,j 4j_jjlj A t> 11 » « 
jjjjic. 'iAal jljSiujV! t^JJ 

UjjjiiH£ t . iD-Ti.nl 4jjLolo| 


(■lll'lnWl I'oJuLo 

jLoJ Cjlj jl-^Jjll t(Jj)i<-|-\,all 

p , 1 Vu in V Mjf^ Jj 1 «il ~s a t4jj|j\c.V 
Ajjljic- i-ala^a t^jiij 

(Jial AjjLsj LllLlLmJ ^ ■ ^i-^'l 
tllljljj (JjLoLo 4 dlLi^a jx-all 
oaxi "iSJ AjjiLall ^jl_>«J 
. Jll i^t>1I jjjiuii La jj 1 4 

Aja 1^1 11 Jjjl •> all t aJaJj I^ji.! 


:<J&j (j* Sa^ (^Ic. <1U. J£ (jjLoii ^jic. A^Jlxxll j-iaj 

^1 jji. jl <_g jjij ^latJaS ^-la-baii J ji,-i^ « ^1 A 11 * n j\ j 

4j]tj]l (JJ jsJ! Jaiamli <JU. jJ-J j^Ac. <aJl*JI jJ& 

A-olxll jJa jxllj (J jA-a j 4j> jJl 
LllLai. <]jjLi oLlxll (jl jLuJa] 4_]jjjjJa]l 4-^\\*a\\ (_ff jUiia 
Ajjj^i tllVia. £lo] Ajjjjiiall 4jsJIxx]I (_g j"i i a « 
flWimVl oJllcV LJ jlkJI JaxiS! oLl., 4jC.jj] oji=^o CjUikLo 
Jiilicl! 

sLlsII (— J*yi <it"iii1 iajUaj 
AjjLall (JJ j^JI oLva 4jC j! 

ji j Lr -iq^ jjc. jl jjc. ^Ia^LluI tJLiiaJ 

<£ijj)l\ 4jjj]I AjLas. <11£ j JJjU-o j (Jul jjJaj tilitaLSj 

S LJ p t.si5j si©y U.S.EPA 

alVlJ CjLiV jll ^ oLlsII j^iAimV 4$jLLo ljjUj 


^hVlml oJilcV JJC. ia-aj 
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i_Sjjaj i ja j* CjU. jj CjUVjll <_pa«J (J^aJ '(2-14) J JJ?JI ^J] £ ja- JLj 
^Ujj ^ + SjUl Jjj . jjjJoll Slst* flUall 4ac jj j^lc 4JV.1II (C A <>a) 
tBOD ^^aJLaiU sjIc sUaII AjcjJ jjASj .Ajjjj <UI jl j <\ > ^>"n AaJUoa L-Sj^JI 
jijlaS CjLujIjSII ^> Wmn .CjLujIjSIIj iSjj&JI j/j c4I1xa1I AjLall jl jail 
(jfi* J aJAJj JJ .AjJa^uJI dlLoijjjill j dlLjjjJaxil (JjJJ juLLo^j <aJl*All <La.jj] 
.AjJWVI CliU jljill ^ jit dsLiV j ^Vmi'i laiu cAjJ jJ! C_Ajj j] jail CjLV jll 
eliljj j] jail J-^l 'S^- A ? b ] t — J^J^ ^jji^JI a ^-<^ ^ jlaJI jjSjall (_£jia_j 

^u-o a^jj] <uvj jj^i j i.sisa jj^I ^WV 1 ^tujijaii jj-a ^ »*otj*M 

CjUijljSl! jJ Jc Jjjall j tgJtojII <?-JJj t<aJU all (J±a -W^JJ 'Lojoftj 

.sIoaU 4lalxJI (jiaj*J jLpjL 

u — SI t j_jj£a]| sjU-a oUall jjljS tCaHlUI Jj^all c22 lujjajK jjluu> jjAj 

t (A A a.jj]| ^il — £j) Ajallli .UjjjJj jLuJ ftUaJI A^JU-aJ C_lLjjlau> <*Jj1 

oOO ■* 4 — iljl ^ — a B ^jJI ^ilSi) <jL^.\ u_ibu jJ ja 2.2/100 ml <Ua*-a 

<ll jl ^* B Lr^) j 3 jS 23/100 ml 4-ai*-a 4 (c_iLu j] jill 

3 jjO <aJU all jjjij .(c 4a.j^1I ^-ai*»a _>P ^jj^j '('-'^H sajjJj 

A Jjj jjc l&jl J^jj l& jJjij ^sJ (AjjjIj 4 7. \\ ■> a^ Sij i&jA t_ijj-a olj-a *Laaauall 

5 jjLaJjj V l)-^*-^ ^"J^ 1 -2aLjj! j-a AilL JJC- jl C(_£)La.j j«a jl*J |J 4_«_nla 

A'j — aia joi — =J xJj ja Jjjoic. ja ^ 2 gpm/sq ft jjWjy V jt cgpm/sq ft 

hr J^li 2 NTU ^IjJ JajujjlLa 4-<u3 ^jJuja]! ^ jL jjlaJjj V (jl ( ■ la>J .(^ySijLa jj jl 

jjUij VI j 1 15 min SaJ 5 NTU ^sji jail ^ jL V jl j c24 

^j.n r.l j_p Sjl—all Ljj^JI aU* jjU23 V jl t-UVJ .tpU^V 1 NTU 10 

NTU ^ aJS ^gjoi^aJI ^jJaljjll jl t^jjLill j C(_^jj£j-a3l (Jj3j t^jjilAll ^jjjjjll 

^jjaull 4aLc jjjj jl .0.5 NTU Ulixa jjWjj VI j 1 15 min j-a j^V0.2 

jjjI ojII j>ajj ^jiLa^VI Jjl^l 2^^) CT ^uijoll ( ■ ItoJ j_aKllj 

qa j £-a clila jVI 450 mg/1 jc Jaj V ( V-ij ^JaSjll j^ILJI j Jaji^all 
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jl l_fiL> (JJJila -J " ■ <-_lUjaijl Jj 1-lLuuil lillij <90 mill j£ (Jl) V JajIuLa ^jjLoj 
ja dill jl jl/j dlljaC. ^3 4^Jjoij!ill £-a Igial jj Aic. Igjl tllj^Jal AjLaC Jc 

J <MS2 gjjSjiJ&L-i -F %99.999 * JjL. U ^StL-a j* cjl^ jJI 

.i-jjj-aJ! oLw ^ JlilaVl JLi ^ jjja 

LjilSaJ ^7 l! 1 ^ j- 4 '— J ^J C - 4) ^Ljl 7 SI Jajoijlla jjLvjj V) ^ *.'*'„' 

US 2.2/100 ml (MPN) <> (JtaJI £ jUJI Jisill ^WV 1 ^ J 1 
^ 23/100 ml (MPN) 4-aja *jIL»yi ^ J 1 J 51 ' ■"^ JjW^ ,^4^ 

jjLaJJ J J^-J} ^ a ' "J V >Lajj jjf^jS OJJS ^3 j* 

0- lill t>j -240/100 ml (MPN) 4-aJ l$J *jILa>yi CjLu jl jil! IjjpSJI 

JjaJull ^ eUiill Ait-lna jSa. j-aj jJJ (J*-alaJ! j-aj^l -ila jjA^all tdlj jA Jaj'ini<\ll 
.aj^aJI j* £J^»^ (J3^ ^ elaiill JJ^JJ (jicl 4jia.Xa j^sjj (J^W 

Allau Uj-all C-H 3 *^ W-^jV U ^J-^' 6 W* <LaJU-a J!iLa. lllLuiuall 

1 iaJ ol AaJjj oOiLa aLuJ JLaatluil oAc\ CjILaLj jj .eUall 4jfc jj U . aL 

elsV-i*-aJ 4jjii]l 4JI jj ^1 .iViiiL (—SjjL^all aLi-a 4 \1 r a ^«<ujjj 4 jj^jjiiU (Jx^aLa^all 

(jj>'i-s"i JJC. tillij 1 g SI <\r'\ 1 11I jlauall elxall 4-lC.jj AjjSill <UI jj j . aaJ J§ La£ .oLaII 
jjL^ja]! <Uljj ' aaaj .(j^is-s) sjj£c dAjjiuba <l<s ^cjjj La t^LjjJI (Jj^>a1I *l-il 
• AaiJj jl jj^J ajJ^I jijaill cliljl j^. ^ji L-llLai Sail _o^j j<a jja. jJjjJI J 

1— jjjjoil oUaJI ^»l Iaj i al ojlfcL A^jLall ^l^jj .jjjJall ajU-a Uilxa ^ laJL in 

• aLfaJI Clil jj^ajjj i-Jjall ^ ^Lall jij AjojuiLa tAjcljjll (_^al^)C.^Uj 
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jI^jaIIj 4oLia3I SjjoiC- LLx^ujn ^1 1^*1 > ill j c^jIjIaII ^^c-ljjll ^lajVI ' . \) ' n"n 
^Jaj . jjjJoll ojIxa sIoaII J ijjjIjlLa 4^.jLu 4<aJ\jua]l J *La Iaj i d <\\l 4jjLuu£1I 
j»Uaj J o^iLu <LaJLa oLw 4jlaj j^LubaJI °^- a <ll jV nnll 4ijlj CliL&^a 

Ig.^lg.Mil jloLa J ^j^j^all alxa SJtuI ojtla oil AjjUajSJI j| jaJI jjljJJ . JJ jLa-aJI 
^^/Lalj ^jjJ ClujjKjJjA ^l^aJLailj ojjlflll mJ 4^>&a2 jLJI o^Ljjj 

Jj-aJ .3j7> niq'nll ftjSaull jl jUJb ejjlflll L_£li. Jc. 4^jJ.i_aj^a 

jr-X^jU Jc jj^jjij jl JJjJoll eUoJI J £-Xa^l (j^ajliJ AjjUjjall a!\ jVI 

.^.mi'stII ^jJalll]| ^JUa J AJuuJalaJI AalUJI 3iKJI <_lXuU ftUall 

j 44jtLij<a Jl a.lj.Xa. 4 a SU o JJJ-^I o-^b-a bLaII (J-o^I JJ J& J J' aaij 

• sIoaJI 4_}Cjj jjjIxa < J \fl*Tn jl 4 (^aoi. jj]I Jajjjj <^g"n"i <Lajl3 AjjLo (JjsIja 1 g ALj 
ellV-i«-aJ ^^jJaljVI (JLaJtluil j A <\h'i^/ a_^.j-a jjjliuj dlLVjll (J <r> ; ^-ajuij 

dlUUala j<a I g t rt^. |aJ tjJ^)ajll CIiUILIaJ l^i.jA 3-14 (Jj^aJI ^J-^J > taia La 

.lojjjla j t\j jjjjIj tLujjaJl£ 
c^ljjil tfjfl 2-14 

aUa 4^JUu« CjUlkLa jl Jl Ijiaj t^jl j2 dlj Ljdjj aUa]l ^liklail a-Slfr) jl 
tlAjjuia-aj Ajjlii dlLl-li-a (_5 jlvJ i—ijj^oJI al_Laj 4<U.ii»-a IJlc- jj^J Igjl j .liJ C_Sjj**all 
j-a djljl jjl t-JxaS ^jj3 4<aJUt-aJI t"il l-i^. *i j^a <JJj3 AjC-l j j]| (jjjallall jjSj j .4-JJJ 

^ c_s^all oLia jjSj ^3 4<iLiJI ^JlaS/l .^Jtjj Jj > ^ a ^tjj <-T^ 

aUaJI Jl (JilijJ ^cliJI j ja Jdll j jiaj ^ ^1 aUaJli .'a j3 jlaJI aUai] ila. jll ji^aJI 
(_33JJ I^Aj '(JSJ^ ^J- 9 j-° UJ"^ jam ^Iasj (^Llj-a Jl t_l L ,i U J jl AjajaJI 

jl .^jL-JI C jLlI ^ JSj 1987 flal CWA 4i^l aUaJI Aiiij CjX^ 
jjla-aJU Jiliii.^1 j 4 Aj3 j=JI aUaJI Jj Cjl jjiJI Jiliu ^ <joUJjll lij^jSjll j£LLa 
.^jl jxJI Jllc. abaa <*ia^a-a]l jLkkVl j 4<Jjj1I J ^ Lffil 
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\ n'r SjIxa atfaJ ^uiijA J^J^ Cjbjla-a. j^>« :3-14 Jj-^- 



3j£Lal] ,_i jjlS t L^aj 




(jAlj !l -t laJj ujVI J a^jll JjJalia tllliLunaj ^iij^JI jfl iaJ 4 ^'J** 

(ji jSU 5 kLa, oil tljU.lil-.Ylj 


5 43^ 3 jSIjJI J jf j it_ijjill 3LU1I jjc. j aUo jU 3il£ 

l«i£L. tlA^ 








3 Jalill i3 jjlll <*<^" La Ciliik Jilj Ajjj J£J AjjUjjjll j .ajl , ^ H 

Jl ot'iuVI tllY-lx-oj ~j-" adll 3] j^s. ajojj] 3 j<jl jjJj^JI 


3_i3 jaJI eUall t^a*^' 


jl.^ .ill i-tyl - >'-.^ "« SjA« -.j'o'l 

^ ^ jajmll (jl_i j^Jl j 




3 l3ja 11 slxall 3_iiil j^J 4^.jjLa 3Jai. 


3-ojtijJl 3j3 jaJ sLlsII tljl£ja. Jixx j oULjl 


^tllxj (jl ^ii'n toLiall jljjiuil ^jjLi-aj ( _ s jLoJ1 (J-aLiJI (jjj^j JaJ (j^i 

3jlfo.ii.nllj 3j*l jll 3JUa.VI 3jI iiJI 3 il.^ill j| j*ll jjjijll 


(jjjl J jj till iLlJj ' ^ V'"' ' J (j*' J tS"^ sliaC. — 3jjj ojljj ^-aljjJ 

ibsjjjjj jlx-all oLiaII tllljJbLoj t(Jji«-il-sall (j-aL-alal (j^i (jq-s'll (^^jaJ 

uj tllLljllwj aj t^^yLaYI LgJ ^j-ajoball '"l^ j^l! j t^lill (_£}a-gj 

Jjjuala-all £fl jlol! ^L^aaJI j ttlAjjLall 


^1 jVl S jbl r Ui3 


iJLaxJ uiVI tllV-ix-oj tllljjSj t(Jj» uull ajuol j^i (Jjlaj tjL-asJ jjl jj 

J^l^al] ^l^jll ^IjLk^Vlj n_iliaJlj =U| jl! tlj| ja2j 


Jjaill jl t3«>li <-i"m«ll oLi^ll ^jJaj CfhV'i.nVI s^lcjj ijjjijJI JaJai. 

.oL-fiTI ^L^al^j jl! ^^llj t Jj 11 3JI j\ J^k EJ UJI 

^^jJal jVl ^l.lVl.iil lS L -^JJ^ 1 l/ 1 J 'llll^a-all (JJaxJj 
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al ujj , 11 2 - , j 2 'i aaJj oUJI J 2UU-^H 3-1. 

ai j>qji ^ u -1 ^j^jn<in J' ^ T 3 ^?^" C5# •'^nnuDflii 








LjjiiSI oLlo (jiil aJljVI 2JaSj Jl £jW 5JaSj ija JlSuVI t>J 






(J"'^""' iS"^ ^-jjl I^Ltl] 


4 JC jjj t^Ua i-imll oU-all ClLj j"i 1 « *, j 4oLia]I CllLj ji 1 n <i J jiMI J^-^ 


skill SjIcJ 


<••,! J <:i «| ma Jj ( a'»V.,.B 2uc ^jaj ,LJ 


2jj 



1 -l^^ <-l^ l>° ^Liia.VI J aall 4jjlj-al i—ijlia-a bLiaII (jj^ij j 

(jjj (_ja Lai l^Jj ill 

dil laa all cHa*J ^iVw.n j .<Jaj]| 4j]LuiJI ^jJlifyl ^ al 1 oiil (jj^ 
.^jJall ^j-<Jj iLja^a-aJI Al\ jVj 4 4jaUiaj 4^Jla-aJ (jjjp-all ill! laLu^l 
.A^j^lal! j AjjIMI ipjSlI Cjl^ua <kJ jj jl (J pJ=uJ jLSjjVI JJ eLuJI 

Ajajuol ^jll jLaJ t%l ^^JJ V jlOajl Cj|j t^koalall cs^b^ 1 J 
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(jjiall ' . 'j.' ' ^ oUaII t-jU,iili j ^ ''"^ oL^j^ '**'*'"" ^jjjJI 

ft J 20 ft jJJ AjJajC. ^jijJJ JaJJjiJI (Jawl (J^'ull ^l^jll 

Jojjj .^j^-all jj^dl Joaj ^ jl AjjIj (jl ijjjJ^ A (j^AJ .100 

^Uaj a^laiJ .6 ft J\ 2 ft jl-^LaJ (_HajVl Aj(ijjA j& 

£ JJ Jja. jjJj Jjjia JJ ^ J^J ^Jafi J- 4 JJjl JJ "ij j£ J"^ l£ JJ^-*^ (_£ 
jUjaJI ^Jc. SssIaj .aUt\I ^ilcl jjJ AiLua £jjj^l UJ^J '"'J^. 1 LS j^J- 4 

• C^jll jl jAa LaJI jLail ^Si Aiaij ^ £-a?u ^ill ^^aJajoJI 

<_Jj3 (j-a 4£.jjJa_a^ 4_J-«3j -5 J'^H JJ- 1 ^-^ Stj^tl CllV^«-a «la»J ,A_a. jlailj 

.Aja jaJl slittll (JilJtJ 4 aJjj AjjjII t*lSiu £ial AjJa jjLall J jjall JlJU. qa J Aj^f jit 

jfuoVI ^ 2.5 in ^1 2.0 in aj£J jj^S! a! j*aJ cjUV jll ^ 

aUall ^ji^all Jilijlt <— lHalj jijmVI yj 4.0 in J) <_SJ=^ Clljtf J Ajiijjj 

liUjj t^jll Aijjlaj i Jjj-aa-all ia-ajj i4j3 jaJI oU-all Ajfrjj (jc Ajili. ^yaVl 
cs Jfr AjjjJaaJI A] ^a^aJI ds^^x-a .laJJU ^ j ■ 4j _aAaJI dl^/la-a £j^a j ^ oJc-Lui*!] 

C_aJ.l^. . Ajjil] \ \ \ * \ \ A^Ll^I i ^9 A_ul^o& t cs"^ ^ ^asl a all '<S ^ ^ 

a] j^a. tjAj^aS .50 lb/ac/day <ajS ^^1 COD aJ j**. cjUV jll ^^.j 

^al . J^UrJI Ql^j jUll jil*J tjjjavjjoiSI j Jjiioijill (j-a s^lc. 

jAj^oS AjaJajaill j AA oUaJI 4jLa^J lilli j 10 mg/1 ^ tl ll jjjll 

(tllUill j-aj ^ JJjJ tAjjjll ^ (^jJaJI JaLodll <i.jLa]| (jjau .t_jjjoJ! olj-aJ 

^glc (J.Vunjj iajjJt oLiaII Ajfrjj t ■ IfuUj (jl ^"N laxttSI (jLl^ai] (j£-aJj 

ijLaiillj ijjiaJlj ijjilK CjUill ■ aa j CjLuII ,J /galajl 

%10 t>a JSL IjJjb jlal] Ja^III Alajai_ala CjtjUjlt ^Ofj .(jjtjjVt J 

200 j 100 jjKil Ai^Jt j^l Jill CJ I JS2 .400 mg/1 lUs jjK 
>Lail lUsoII uM 600 mg/lj ^400 mg/1 J\ l5 mg/1 
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Jal AjjjJI j .Ajillll j tAjikll Jjj-aL^all J oLaSI JLaalJ o^lfrj JlaJ 

^jj tl,HiSj A^JLcaII t"ll ALla ^ttjoi j (j-a j (_£Jjou3I (jjjLaill (J-aj3 

t")l ASalLo (jjliij .ALaLrJI (J jj^ j Jfr J jj3 (j^a^)3j aJjIc. JjialiA J j^. j J& 4 h^l ^ a\\ 
jl j&S/L A a SI xm ^ja tCjLjV j]l (jjj La J J;u£ aLiaSI A_i£._aj dj\ llLila j A_aJlxAll 

j^.^in A^JLlaII <_jj.il 1.1a. UijjilK A_$ j i_likjj £-a Ajjjljll AjsJLcaII Jl 

cs^-j jj^j j fc ^ ^LujljS 23/100 ml) £-a L3 J Lu^jj 

^jUk J}3.Sj Ajfr_ajj j»ja*J £-a Ajjjlli AjsJLla lilj^la ' ■ lUaJJ ( . ulail oj-Lall A_ijiLa]l 

jj^j .0.5 mg/1 • jSi jjK JLlaj .20 mg/1 SSj .20 mg/1 BOD olj 
Lj^ LjIxa cjLV jll <Ji*A ulhii .200/100 ml U j^a aj j! jJI c^Uj] jill 
jj^j .(90 mg/lj 10 CJ I SSj 75 mg/1 j 20 BOD -Jl c Jjh) 
^Luj .(J>II jlLil Uii 2000/100 ml Jl 23/100 ml) aj j! ^ ^UjljS 

AjaLjal CllbaJL»-a iilL& . JjooII j£ ' a j dll jja )\\ j .olxallj C_ il jjg V'lll AjLtaJ Jjc- 
(j-a^ll (JjoLujI Jfr (jj^jiall ^JJ .Aj jilll Ljljl J;IiJI ^^l^a Jfr JjjS jl jjtoJ dj) jD-Vla j 
Uj^^j lIiLV jll O^-J 1 ■ lUaJJ .oLaSI Ajjlj-a dllALlLa (jjjLoil Jfr jl .ialil^U LS i&\ 
45 t>5 £jl jjj^J S joa (_5 CjLjV j jj^ J .^U 7 JJ 0 (> « JaJ 

.CjUia^aJI AJI jlj AjaLjal A^JUaI ^.iklaU J]l j La jJ 150 JJ 

Ajjliijl Jji ata n\l jj^ !>l£ Jj^l ^. oil Ij'q ^11 jjc. (^C-ljjll l5J^' U"' ^"'J 
Aijjia Jc IjLu&I oLuJl AjjllxJI AJC jill ^-a .Luj J^^J ftlixllj AaJUUI 

(j-a Jc-I oLia ^ ^ 1 a2 . »l qa AjUc 'La.jJ jlpjolLi J^jll t ; illn"n . JLajtlmVI 

JJ (J jj^a j]| (jj^J V ^3 4l_l^iill (j^aljE-V oLl-aJI Ao^.!iL^a ^a^*J (JjoLill JJ-^J 
(jiaatj J ^- jla-a Aajliill Jj! ata jl j-a ^c. jlLj .Aj ^aJLa ^3 ja3I 
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Sajaill £c jJI J ikjj 11L cliVl<>r')u)VI ^ jIa j jjI jjl j£ tljc^jai j 

jjjLaJlj c4iull 4jjc.^I tifcLglail j tAaJlauaH AjOc-VI Ifci L«J t jjjjjUj ^jll j 

j»liklujlj t " il 1 >i jaaII 4JI j] <— a^j AjsJIxaB SjjH £-a 4jjj^J AjaJla-a (joj ^ J^JJJ 
(_^ajjj Al\ jV 4»aJ^La jjc. ajjK £-a 4jjjljll AjsJIxaIIj .^jjUjll j ^jjJujallj jiaull 
(jjji«j (jj-i (j- 0 CjLm jJjaW j cdiLotu^ll j cAoLiiall (jljjj]l 

<4jjIja£ djliLjaj £-a AjjjIj 4jJU-a jU c4jjj J£jJ j£\ 4jj&SM <J^ C> J 

(3-° 2.2/100 ml <-lili ^L^ 3 -J^&^j « J j '^"J^j 'J^^j 

-Ujjlj 4jsJU-a o4j?jL<-aj| 4_UiiS/l LjliaJJ ,2 NTUuj J ajJ^" J jl jail 

.1000/100 ml j 23/100 ml (jjj ^ jl jjj jj.ia. ^ Ajjl jj]| (JliLu j] jail ^ j-^- 

15j 5 Jalio^U L-ijiLuJI jjjiull ^jljJJ . ^1 Iaj 1 i£ U 

j-aj (d iIj ,_>^aL^alal j 4 10 mg/1 cJ^tj dlljjjjl ^jjaj jjj 

ju^l ^ 4.0 in. j 0.5 joj U ^ 4J ja=J1 ^ jj^jSJI C^i^A j 40UJ 
<ji sU»ll JUaiujI SjIcIj "^jll 3-14 

^JUa.yt ^ailai^l sjIc.) ^ ftjjiu^a jiaJI oUaII CllVLaJtlml JLaJ 

t j Aj J a jJ dlljlii. jSjJJ V ' - AjjJ-aJI ^ (_£jjSUI ^^iallall »l niniL 

tjjjI^JI j t^jljjill Jajoi jjj jjJaiJI (_^LLiA^ J al jiJI jJ-aLja-a 4jjJ-a]| ^ 

aLuJI Jiiao 44jsJU-aJI jju .AaiLiJI j ^LaLaVi AoljlaJI t_jU.Ull t^liaJI L ya3U j 
duejJjj ,^j]l alj-all ^-lirvJ j3 .(Jjl! j ^jjjjl! j»Uaj ^1 1 ^1 ajlc-V AaL^lL 0 n\\ 

^Jc. 4JiaU^U sjjKl j 4i_JUJa]l aJI jV AjaLjal <=JUa1 cjjj^l ^\ 1 (gnr. jj 

t-JJjljl ^Ijiiallj jl Ljj jJ oj-ajA LJJjljlj UJJjljVI A^Jjoi jjJ^J ^aJJ 'JJ^ tjT^A 8 
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^ajc ( . la>J . (JjJjJa (JjUaj ^'I'uivfi (-ll^Li^jll Lai to jjh". ^ 4 j > >-\jxl\ 

jl ( ■ 1>Jj t jjL ij ^ "4aL <aJ i i) a ^j^jj^a aLiAJ (^g-^- l)-^ J^-^ 5 *^ l — '^J^j 

."(_J^jjS V cA^L^alaws <_a^>j^a oL-a" Lgjl j^Ic Jjj CjljLujJ (^jll ^aial jio (J > all 

^jjJaiJI (jl-il LaJI j t^ALallj t<— aljiJI j J ol > ^-i a£ j-Xall ^ JjlalLaJI (J^a*J iJiLaJ 
IgJI <LalxJI ijjj^aj jj£ ^1 t 3 j^a^a (jijJU J^*^- '^j' J- 1 ^ Jajoijjj ^^jll 

J toUall ^jI jA L_al jajl jj^J Jaaa JJll CjIcLuj oLJ! ^Vlm" 31 t J j.la_a 

Ifci jfl j=o ^ill Jjlaliall j .^aUJI ,jialia]| ^ViJI jljjaJI jaJ 

(jl t_taj «,« al jail jJ^Lja* (J _lc. (Jjaa ^1 tSllj (Ji* aj^sS Ajjj^J CllUaLij 

i_Jj3 (_HajVI t _g3 (Jiliuj jl <jJajlill oLudlj tt jl ^Lull ^UaiAl ^ajoU 

oLuJ JoLalt jac. JLaatloiVI S^lcj Ijj^a. diLVjll <_K«J (J^J^ •^UaLiull 

. ^jljijl jj ^1 1 ^ a ^ t_a^)jy<a]| 

<L> lajjjla «_»UaSj .23/100 ml AjjI jJI cjlu jl jill ^1 Jj^jU 

(j^*j ^c-ajuij .25/100 ml J j^a. (=a33«Jj t^uijJj l jjio £-a 4 7 . S I ■> al l jj^s (J _lc-l 

ajLoW jI jaSJ 20-30 mg/1 ^Lu J j^a. ^= j JJlLA (iljj ^JUaj cjLV jll 

4j|jV tdlij oLull JLwtLojl 4jaij ^ AjaL^al j^Vl i.llWn .ASkJI 

.(_^^)]l ^»Uaj ^ ^aAllI ^laJ isjjl^llj t jjijI^JI iuij jl (j^-aJ (^aJI 4jL^all j| j^all 

t^jll ^»^C. dlljai (S^L. .sUaII <jjl _a-a jl Jalila-VI (jaj (^jic jjj^ill ^ajxj 
tllVtlaua .^aJU-all <a.J^l ^-axiLa ^jaj (j^aljC-V 4jaJj-^3Jj n <\ll olxaJI J^alLail jS-aJ 

j2 j j^ujVI ^ 2.5 in. ^> Jal SjIc itSi*** jj£j LaAi& «aJ ja^JI 
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^^lalLal! j 4 jl AaSI llll^Lj ti_jC.!)Lall j t(jjl^aJI JjLJI jjC. j <\ * aJJ 

tjj/Tjtl^ail t ftlajoiS 4_jjXa Cj^IasUjui! j <\ > aJJ .4jjLaull ^^JaLi-allj tAjjSjjJI 

1 -ss oUaII -^jj- 0 J Cy* ^j^j •ttwll JIac.1 j t^lj^JI a -s sl£ ^ j 

j! Vj t^LJ oIjaSI fJ-iSJ tills j! oLaI! (_^a"j*j]| QA Oaoj 4oLaJI ^ijj tills jL 

oLaI! (jj^J (jl ' - .oLiaII (JA 111" (JliLVI (Jjljil ^Sj 4£i jla <Lal*JI (j^a^)*J 

jjA Aallc- ' . ^ IolJJ La 4 tllLja jaaII (_ja AalLi. JaLa jjC. (JSjjdj lgJLa*lujl ^IxaII 

.^jiajllj A-s\\f all 

ialil^.1 (j-aj £-a aj^alSj ^JjIijj 4j!iaj £-a AjjjIj 4jaJUua LujjaJlS ( . l\Wi"i 

qa Jal ajji&j 42.2/100 ml (> cjsit CjLjjjljSJI ^ IJiuj 4<Jjjla 

.oJjla JJC.J oiiLa tllVLaJtloiV Ifrujj AjsJIxaJI tllLlliala IjJjjlaJ j .2 NTU 
jjA ^ (jjj^J £-a JsVI ^gic. jjaa»J £-a 4_ljjlj A -\ \\ * a (_5 lllLjV J ( . llLilj j 

• LajJ 150j 15 (jJJ jjljil JalixaJ o^jj 

^tLiuaJt (_i j^aJi sUa JU*U aJlcjj AjjU jJI aUJl 4-14 

4(jjiJ^LaJI tl^/LoiC- jja L_Sjj^a a La 4 n^mil J^LaS! (j-a 4_pLaj]l bLaH 

(JSjIj Igijj^a oLia £a?J ^^jJI tlllfrjlUllj 4^1 aVuiiVI tllLjjJj 4 ( aLaaluiVI (jialj^l j 
oUaII Lai .£cj1»a5I tlll&jlLj 4(jja^all tllL!iLi.j l (j'<*t)-\\ ja!\ L_a^jj-a a La (j& (JiixuA 

^ jl ^j!> alill (3S^>a (jAjJa (JIahIuiVI ajl&J <_k>l (jA 4aJlxA t_J LaJJ V jl 
(_33|ja1! Jj^aS (_5jjjjJa]l (JA j .4j»oli. Aj^La ^JAjJj j»^tn CjL^Luia jl Jjj-ala^a 

a\c\ l > ^l^aluil (jA l*^?' U^J ( cJlo*!''"^ aL15 4j^Ia^)1I sLiaII ^)ii*J V j .<Jjjoo1I 

.oIiaSI ^ ^LLsUaSI ^aU jj J\ t^Loiij ^klJ jjj^I sjlcy 
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jjjjj lillj Laj 4oLia1J ^Ua.VI ^-Lu^VI ja %6 oLiaII - 1 J^ij 

Jlja. ^JLu ^ jj ^^jj ^Lk^ll jrLi^VI <%47) 43LL1I 

aLlAJi L^LaxjjjjI jLxaII oLiaII <_Ja*1ujj LajaC-j .sLjaII ^LAaVI ^l.^lmVI Ja %53 
4jjjujSll (_J£jjj j tL. ilLaJall jaj£> tjjla lLic-Ijj -laj3 ( - -^JJJjJI £^J^ ^jb^*"' 
j>lij oLiaILj jjfl aj (_jl ^ ^»lfc Jjla sLcja JjaI cs^J •ajE- jll (JfLljj (JjiIjII j 
j»JJ .4_Jjja. dlblUa* j A ~ <JjLjjj3 AAJjows A y 11 r e, ^1 SaJL nLj LgJ a£aoll 

<(^L*1I ^Laa-VI CjliLjaj) 4iaa-a aUa ^IjaljaL £-XaVI ^ jj j Sjuutll 4jajL£A 

Ailnlall Ajclik^all cliVl<\T"i>iu>Uj . ^ > s£xl\ > al nil ^I.IVuhIj Vqium 4jsJLcajj 

IjLajc-I sLaII 4jc jjl 4l^aLa. diLdiala Jjjjllj Jjjjll 4*n->r. jl ^rjunll Acl L 

diUlkla cjLV jll o-^j • jj^'j ^J^l ^XaVI ^ ^jjallj v^.„yi ts ] c . 

4^illa ^1 jL$i .4juLill ^JcLjj^all CjUnWill LgJLA*iJ jLxaII sLiaII <=JUa 

jjaj £a ^Jjjlj 4jaJL*-al I " la » ^t*. .ji jjjjjII *La laj > ii <\ll oLiaII jjJO (jl i ■ JJajJ 

AjaLjal djUiua ^sjj^l djUjljall ja 2.2/100 ml ^1 Sjj&j ^ui jj j 

CjLj jl jail ja. ^Jj J j^a jll ojjKll L$ji Laj AjjjLj <aJU-a ^Vmn 44jjI J*ll j| jaII 

AjjIjajS - AAiji jjS jl 4j*JL*aSI CjUIac Jjaj .23/100 ml ^Lu ^jjj^ 

IjLaj&Ij .<JjJa. AjsJLxa CjUIaC j)AjJaJJ jl jS-aJ Lgjl JJC. 4^Ajl^all j| jail <ll j]) 
4 4jilxAll ^ * <1 1 al l jIjaII ' Lli^J jaVI ' li^li j5 ' 1 ir. j'ij oLiaII -I „ l ^ ylc 
^LiiJI ^jjj jill j ^jtojllS tllULaC. JjIajj . jjlllj 44jIja1I 4aL^all jl jaII j 
I ■ lllaJJ j3 4iillj (_JS ^^Ic 0 _plc .Ljjj^ill oLiA 4 7> 11 t n <a l^J i n <\ll l^jljjiaj 

.^JU^illI Cjl^lila.L cli^U sUaII jjL^ia Jala. j La. ja oUaII 4jC jj 
Ijj oUa 4^jjj^i3l oLja <aJL«-a ( . iHaJJ j^jJI sLaaII CIiVLaxJjJ jAjJaJJ 
t ajiaj slxa j 4 jLuuill sUa j 4CliLajJaAll j»LfLa.V! CjIjIAjuj sLjaj 4 jjJaaJI CjLaJamAll 
£J5j .(jjljaJI Ja 4jLs jll sLiaj 4JJjiil! ^Ijjl ^ (SJ^J^ (JjjjuII sLaaj 4JJAjljjll 
I—UjoU ^cLjj-iall Jl.ftT.1mVI SjLcJ CjUUala cliaj Ljjj^all oLaa <aJU-a dlLiiia 
jA Ip. JJ ^Ijajuul (JSll 4jaJL*All d ll ;D-i")<i jjLijj .<LaL«JI <_Jj3 Ja Jjja-all cJj*-^ jll 
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<ji jV! J-ix* CiUlliiui! j lAijjia ^ 4a2 jaJ! oUJ (jaai Sift I :4-14 Jj-iaJl 
j^iU^l jjc <-j>u^ sLm ^I^Vxnl SjI&V (Rapid Rate) 





SjI d ,.1 kj J= «j 




(TDS<3000 mg/1) 


5 TOC mg/1 ^ <3 mg/1 TOC J» 


0.3 mg/1 TOC ^ ,0.2 mg/1 TOX ^ > 






10 mg/1 > LJ^ JJ^ -^J^ 


0— . u_ sJ jW^VI) iiiLfl j-^ll t> ^Jl^ jl^JiV 4iUV.ll jlJjJ j 


7t ^Ijj 5 aJl*_o j SaJI JJJ (jx i^lj JjLo 4jlS! jll »UaJ1 jU l.lllnTl 


^LlujPj Aj^jjlj 4 ^ 11 f n 


4j3 jail sUJI JJ (jii. 

(TDS>3000 mg/1) 






10 mg/1 avg > JWJ jja. jji 






12 mg/1 > j£jl 


1.VI J_JL* jl£ lij VI 4iL«ll 2qL^]| jIj^II ^ 10mg/l > 
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tJ-ajVI ^Jajol Sic AjLjJlall L_fijjla]l (_9J*J (J* '^J f> ft > .-i ft (^saL^alLal (J&a. 




'iij a-a ^ Aj Jiiijll i *il jl I'A. 1 Jc. ljLaJC.1 J;^ — Jill dlV-la-a ^ . >i j ^-/'J 

jjUi CjV^II j^jV 1.9 gpd/sq ft j 3 in./day ojja csji^ 
7-1 jjj jji^JI 3J j^JI ol jpa ^ jl jS <(5.6 gpd/sq ft) 9 in./day 
ijLoj 11 j AjLkJI La i baaai tlSlij jj 14-5 jJJ JlaJ 4^.lj i— iljja £-a i^jj 

SjjoijlaJI 4jL^a]l j| <UI jl (_£jjjjja]l ^ VJj tAjjjajj jj-a 






£JJjj ijji n jj jj^alj^l 
Ljj (_JjC.j-a JJt 


^^J\^^ 








oLuill 

- 2 ^ U,,i\i 


i_j jjill oUa] 2L,jjl!i3l j 2LJjVl jji*AL 






10 mg/1 avg > .k^jla JU?.] j_P 



I^JLaxIui) jIaaJ! aUati ^jl) LjU^klujI j fUJt JUci 5-14 

(jajjj ,<Lal*JI £a (JjjL«j]I <_JLaii.lj JLaailuiVI 4ii^ia (lyLm a ?• ^ * Alalia (jjljJJ 

^ 4a>J.la JJC. JaLuf 4=JI*a1I CjUlkLaJ <JJ*!\ CjIjUjcI 2-14 J j^aJI 

S^lcV cij^' dlLal laJLul j <\ . aJJ . ^jjLia JfLiu oUaII JLajiLait s-ilc-V J j^aJI 
.(jjjljjal! a.U*la ' ; nl S ^ CLi^ jja j (j hi^l^aJI ( fllaJj coUaII JLaaiujI 

oLiaII jjJiuua ^AaJLaij .Laic. 30 <_ s ic- -IjJJ t^^- fl U^' -I a^Lcj (js'^- 0 

t ; \u»\ j tjjj^ala fl\l (JJJ t»l J' iaaJI d iLaJajoi <\\\ j ((j^all ^ LojjjJl} jIxaII 
Ajau^a CjlOl^aJ 4oJj^sJI (Jjl jJall aJ^aila Aajj^l L_iilfLa Jj^*JI jla toUaJI (j-oSj 

.IajjjJj ^Uxa oUa ^1 laJL dL (jhi^l^a]! t qV->. ; n\ lillj j 4ic.LjaA 
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»Uaj Jjg 4j2 jaJI dhA\ AjJxj SjIc) 6-14 

jji-aj .^juolxa (jto. jl ^-slini ^-Uiujl (jc AjSjaJI sLaJI 4j^iu bAc\ £Ljjj .iS 

Clll jjg-sM j»^iiaij AjaJaAjj sLa ( _ S JJ C-^ 3 '^J^ 'U* 4 U£ '-^JJ^ J 

oLia £^>ia]| ij\ .4-14 Jj^aJI ^ji (JjUa jA Ia£ <£J^>^ ^^Jj'j K-J>£ll 

.dA^y jj| <jA jjj^ 

(3aC ^^jJ^ oLiaII AiLjaj ^aJJ ("n-s c^jj^j^ajll j c.(Ja!I I^U ^^Ic- ^UijjVi l)-**^ 

jaVI t ubJl ^ULUI Ajl .o± jVl ^ cJiiiiJ ^ jij (2 mm J] 1) 3-5 ft 

elsliLJa ^iVin'i V .(j^ajxjll j «Lakjlj]l JSLLa^ 4jaX.jAJI UU-aSSI t aaau (cill 

«UI jlj jOuiSil CjSJjj 1 g "ll S m IgiL^aJj ^aJJj C (Jjj^La-oIl <fcl jj] £-L2ujVI 

t4juijj^)]l djUft/l (JajJojj .^LujjjVI (J-^*-* (J^J ^ j ^ J*^ ^" " 4jL^ _oa 

Ifl cj-llxA jl jlalj (_£^>laA JjiaA j (AjjJ^JIj AjjUaJ^II tl^lcliull j 4 jjUaall 

Jja jjJ 6 ft (jicl aJI JiVl j <=JUaJI |Jau di^aj . JajII j 4jjHI 4ja1 <Jj3 Ja 

.pU.nti S UJ jlks) ^Ji3! 

L Jj>^. CLi jfLall (jAjj ' J^aJI ijaiaaJlj cAjajaJI sIoaU Jjj^s jJI (jjAC-j ' V'/'b ".ft j 
Lj/^jll t^LiujVI (J^a ja. ^gi ^gjLljjall ^Jjuijilll (JjJJ .sUaII (J^a^ aj i ill 
Al\ jl j Ajjiill la jjli JjLkj j 4j^jJa*ll Jl ^aSI AjjJaJI Cl^ltlaUl ^Ja^J .c_ilUJa3l j 
JjiogJI Jjjj .^LaSI J *1 U LjLtSI tllbjjaJI £Aiaa1I JJC- (jUaill ^3 4jjii3l 

.IaIxJ .^jjJjA^ll J (jjUt-allj Jjiiuljill (JA jl jlA^I J ^gjjijlSJI (JjLull J i^J^3jC^\ 

Jjajaull cJiijJ .^Uijj^fl j <J jill L_S Jjia ^^Ifr dlUia^AAll j CllLaijJjill <ilL 

^jLill jl^jouVI ^)iaLi-9 jx t^j-ajill (3^jj «AaIj[LuiVI L>*jj ' I— SJSajll t^lLoill 

.^ULiij hj^Ji C5 ^kJi ji^yi 
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Jojujj l_J J jjjL jLlij (j* VJ^W S^lcj (jJal ( " laJ ^jjill 

(JjSa.) '*J£^ ^"J^ (J^J^ '(J*^ LS"^ - 1961 Ala j» jij J . (Jjj O^J^ 4jtialLa 

tt jj>J J!)U. 1 LwjJall L_lUaijVI Jj IJaJj .4-}sjaJ ^Lib (jUajl 

4ac_aj Jj (_L-*aJ 4^JLxa I ■ lilalj La t^jLaJI (J^S-Sill 1 g \\c. t . (Jjl-la. (illi (jA 
J jAaJI L_lUjaij| £-a LbjjjAj jLcaII oLiaJI jIaj .l^jJa <Jj3 il&jJjAj aIxa slxa 
J 4juj| jjl jj^a L_aAgJI jl£ Aal .^LuiVI <— ajjJa di^j 4a3 jaJI sLaII Jj ^cJijjjj 

1 g H a«j i J (jfLaj JJIj 4^K^i"unrt\l oUaII J ds!$.\ia Jc jA jjjL jIjjjj 

. jLal! (_UiLaJ| (j-aj^a A^Jj^aJjobaJI oLiaJI ^ jjj] (jjLLaS 

oLiaII 4jc jj diLiLul ^joiljll t (jjlj^j /^jjjjjoSI l).)^"' 

sic] JuaJ .^UujVI (jial jaJ j> l^a. 4jJjsII 4Iiaj«JI 4aux1\ jLVI J 

oLaII 4ju^joJI 4£j=JI ijim) Laal Alaj Jaaa ^IaSI 4j«jJaj (3aC Jj Ajiiall 

/^jjjjjj ^a jL/tfl J (jjjjSjjlajjKU 4jtijj-all djLjjJI l-iDsjj .4j3j^JI 

All .ajji-VI <-lll jloJI J 4aii-a "UllJ djLoijLa-aj t-JjlLoil j\ t(j3l A^JIxa i3-j»JjlA 
JJC L^-aAaj ^Lul J ^al^aLaLaJl oLaJI <£fa. Jc oLiaII ^>jjja£ (jjJjill J- 2 
La J 4jaJaui Claj 7-log <H JjJ t-l jA=k J] j^la JLjaj dlao Jaj .4j3 jaj sLaII 

.4aa jaj oLaSI Jlajj! ^ jlaw Ja (50 m)150 ft jjJ 

oLia jLw-a ^Aj .(TDS) <_5 J^'" 1 " (Jj^J ^» "'^ (j^ < Lj3_??^' sLiaJI Aac-jjl (jS»aJ 

s Ua5I ^JUa cA^.j -500 mg/1 j 0 ^ (TDS) -J ^ j^l 

(TDS) ' (TDS) >3000 mg/1 _S! l^ja Jll j^! 

Jj (_j^jjo]| sLia ^jjjj (Jja AjjIIiaJI a^JIxaII t al > Wij .L_i^juall <Lla diLjloiA 

(TDS) < 3000 mg/1 ^ ^ ^a_^ 0 Ua Jl ^Ua3! jkll ^ jt 

.i_jjj-a]| oLia <aJL«-a ^ja <^-J-i C-Uu >>-■> Jll (—Ijjaill oUa JJjLxa jjL>JJ jl 
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jUM JJ£ ^1 AiLjaj c(TDS) jf J JJSll JL^c^l c Xa71 ttl£ 

£i^a-a ^La 1 Vi i luJI Jl CllLLaC SaJaa a 9-14 JfL2oll J^aJ 

LjjjSjJIj cllULilall^ i4_lij^)fLa dlLja^us -I^JJ .lajjjill^ <_! jia. ,j 21 oLi-a 
C1s1_£ja3Ij AajV ^ji .-ill j 4jjjJa*]l jlj^llS 4jjIoxu£]I A j dAjoi jjoall j 
i_ajx*all oUa ^ U jj£l jj j U.lj^.j j£]j tAaJUxll sLjaJI ^ tAjj.^ir.^l 

LS lc JJJ»JI < . » ■ al l <j* jjlljoij i400 1 (jJ^J 100 J^" is^l J S JJjill 

LJjiyis aLw ( _ s ic. 4jaJUuaJI jloii.1 • ^J*J .Is. ^gjj A^Jla-a eLx ^ CllLaijjja 

jliJI (jSJiill CllLjjjjja JJ^ljJ JJ^J j£-aJ ( - J 44iii-a dsLjjjjjaj <Cjjiaus 
<jc jjUsull 4ajUaj£JI j| j-aJI j CAjj>> axil ^> vVinn .Igjll jj jjOSj t*UjS j 

<aJU-all 4al&la jjJ&l AolU^VI Ajjj^i CjLijljill (JjjJjILs ^ Wi.in .AaJIxJI 

<UjJaj-a]l jJaLk-allj <iajjj 4jjjlLa j£-aJ V .13 1— lb j 1 \l e^A J.ic (jl ^ ^C.j]Lj 
Ijiaj t4jaj\juall 4-?.J-l ( _ s -i c - 'j J -^>' a 'Wj ' * 3 * ^ ^>f^J * 1 " ^ ' " J j^J^ J 

1 1 d1 <i (TOC) _>£*J .4-sU^>"ud<\\I oLiaII ^ "jJjSj LijJjfLi J ja. j j»^c 

4,1 j > ^ir. i " \\ &^yi (j-ajJajJj AjjjJaC jjLl^o j^ ^llLaJI jjjj^ll AalLa^/l 4oa£1] 

(Total Organic 4JU=>.VI 4jj.^»t,\I cjIoJUJI ^Vinn .4axi^>j 4 n^U 
cm jJi U jy ^ULaS (TOC)j (TOX) Halides) 

t4j3 jiJI oIoaII 4j^«J a^lc-j ^jjLLa jj > UjjjiJlS <xua ojjIj ( ■ llLjj 
tdll jiuj (jiiifl - ^ (_J^-a %50 oj^S ^aLl^lL u n\\ oIoaII > »V ^ i ^>^l Uajaijila 
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sUall ( n.nliaj l-i .nil (joj 42 jSLiJI AiL^U 20 ft (6.5 m) o jja ^ J laa. j 
jU j (jii ja. jjj 4jaaVI 4iLauJl (100 m) 300 ft ajaa laa. j cAjs jaJI 

.Jalfta-VI t>jl Ij^J 12 ajjS I ja. j 4 j^UiaiVI 

LjLbSlI ^ 1996 r U ^ AiaJ (NRC) Calais ^ jll jJa-J jLi jSJ 

AjLaaJ ililjljS ilajV AjjfLJI CjU-aaull 'o-jcLjia 1998 JjoU JJJ& j-a A^aill 

aLudl £JAaj (jjlalia ^1 ^jlaJI jl (-Jjjill oLi-a (_Lila. 4jaJj^aluiAll sIjaI] jjlilxall 
l ■ IfuU ojjjLw jjc ellLal ^'iuil <— lLal laJiuiVI o^A ^giij j . jj.W <i ( ijSaJlj 4jaJajaJI 
<L\i]| eLvajl i_iauui j £jla3l jJJ (jr^-^' J <^-»j^ (_U^I J t^MUjJall oLaII 
oLiaII (_5Jjflll £_jjjj]l L_ljjJu sLiaS jjoiLiaII (JLaaAuiVI ajlcj Lai . i_l jjil] 

"-JJji sIja£ JjoiIaaII (J LaJtAui VI e-llcj j] . <_ljiill aLlA £jjjj ^Uaj ^ 4 \\ s-i\> 

.S^laJI ilitjV jll Ailka jjc. 

jjj^iaS l j3jla sLa J li ^ cU^aSl jAaJLail <_! ja. j ^^Ic (NRC) O* 3 ^ 
oUaJI jjL^aA l^aa dijc ^^jll a-iau-all CliL^jll e-ljaJ (J^a«J . 4-IJjjuI 

jjc. (J^oiu t-jj^l £>La JlaaU a-llcj jL <iaill diiil tej^Li teOiaJI 4ac jjJI Cjlj 
jLuaJ j tdiljjLtti] 4jj3jj aIaLj 4jsIja asu Lajl tJgnWiH aAjIs iA} ialaa-aj jjJuLw 
CLiLijIaII j a » WYi ^gjll j cAaJU-all 4j3 jj j LLjaS ^jic jjajill j jUa^M j 4-aj^aIl 

1 ; lau i l_i jiiJI oIoaj jjg aJ j-aj^a Al I-iItn ^ j jjjLia jjc. (JfLuoJ aLuJI JLaJtLail 
jjL-a<a (j2al jatluil j teLlAJI 4 _gic 4jaala»aJI <_jj1UjjI jjjWij jlaj] -laaS IajLjjc! 

JLaJLAjqiVI ija-a (Jaal L_ljjajU AjjlS jjc. eU-a JLaJtLoil SjIcJ (»JjajJ CoUaII <_Sja.l 

urn e L>ji jAi j 
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<|jl! 4j&i (saAuaj 7-14 



(JfLuoll >t jaSI 4jjlj£j3l AjIaxSI jA Igj ^»Uaj] 4j ^jJ^s^aII ^UifiMt jj 

AjC. tl—Sjjw^all aLlA (j^ajL^xi. Jj^au (^gJa ^ <alSI ^3 4; i A * I o jlaajlj .2-14 

(jaJull 4a& jjl AjAikiill J j^JI CjjbaiJ aal .jJ >aSI <-i jjk j tjr JiJ (jaJiill 

• sLiaII AaIxSI (j^a^jauj tAjai S-iuill oLiaII j 44_}3_jaJI sLiaSI 4jlAa. ^jlajl 
-HjjjVI -AajcI t1gj& Ajjlixall 4 ilia S I 4aJ uiaS I j i i&iS a <jl j<"<\! 4_i1a*JI j a ■ ajj 

44j%] jjO^JI <1 jAaJ J^«-<u 
' ' '°-'J' "*"'^ '""J 4oLiaSI £jjjJ ^Uaj AjSI^-o <laj^)]a Lai .(Jjj^xa-aJI jli^l J 

.Ajjlgj CjIjLucI ^ AJcljjll sjbVI J 

:4iDl*JLi aLi-aJI 4jjl _j-a i_iLuia. . (jja^ j jlill 
oLaII <U_aAa* + t_gjlaA JjiaA = ^jj + <JiAij + ^^aJajm (jLjja^ (1-14) 

jjjic U jJS jl jaJ ojjS ^ 4lLuu>II (jJuaaVl "^ajl 4-aJ ^ J jlafrSI 4-aJS (jl 
(Jilijll J^ijJ t Jj> -s <\ll j Lall l_Sjj]a]l ( _ s lc bLaJC-l ^iill J^L .tllljiui 

sjjS ^gV 4jjIa3I dlLjjl _9a3I U-lLuaJ 4JL/UJI ojlA ^ laJj > in .4jjj3l i—ijjia <Uajuil jj 
.Aluij 4 ^Jfrui 4^^aJjoil s,Ac '^^J^ - ^ 4 ^*^0 

iiSj__J ^ — a di| jjj ) > <i ^gJI <U j^joij <aJj.^aJj n <\SI oLaSI ^gi jja>jjlill .W^Ljj 

A — Jjic-I Jlj— J 4£cja L^a cJ^aiu <_U*J ^Uaj ^ . jj j jjll eLul ^ jl jjjauJI 

^jjj 2a lj aJjj <t ^jjjJa SI c_l J^JjSI <Ja ujI AAiliciAll oLaII (Ja (jaa.jjajll 

jl c. 4jjsaA diljlill jnti (Jl jj JlS 4<lLj i" Ani'i Aaitauoi^lV 
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^jC. Uiajl (J-^-j (jl i-llljjjJI dllijjV •(_£ (— i^liil ^ £-uiaJj (jj^-jjlill 

JilitfL (2-14) 

400 lb/ac/yr j 200 on ^.J^ JW-^ ^ Cm- jj^ o^^\ j&\ ^Sj 
.(^ j^ 1 ) cJiJIj t^i^iK <ikil J^U^l] (450 kg/ha ' y J\ 220) 

j*s23 .(190 kg/ha • y 80) 170 lb/ac/yr j 70 on ^.J^ 

0&- jj±s\\ jliaa (__k>I jjal La ^jj 4ila liilil t4_iHaJI l_s jjiill ,J 4jji^l <ll j) 

(Jilitill J^C. ^l-laall (jj^J jjl t ■ t^Jj . <_LixJjaball ^jji. j jljll ^j-a %25 15 Jj^aJ 

oUa ^fl llfjlal! ^.^Vl ^ jloiJI ^jill j 10 mg/1 J-iiaJ 

.4_lklla]l L_Sj^)ja]|j Jjj^aa-aJI jaS JJC j.}La]l (J L a alm VI <Jjlx-aj 4 •>> \ > ,-i"u nail oLl-alL 

(-jLic-Vl AjjioJI Jjj^aLa-all LaJ Jj^aS JJC <jla j]l Sjjall J jL J^SJ 

Jl*-a jJJ jjill JJJaj (S^. j-a l_J jILaII jjj^ill t^il a]1 ^liall ^ tJ..i^J 
^Liia.^/lj jl ijj^jjlill Aij-a^J j! <J^Jjjil^JI Ajja^.\lj LaJ JLaaiaiVI 
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£jUJI (jail I CjUlkla 



I 



I 











1 


1 



Process j^l sU»J "UJUaJ 4<Ulae jxjAuaj JJj '^j j»Uaji 4jJj£j :2-14 <j£i 

U.S. Environmental 'Design Manual for Land Treatment of Municipal Wastewater, 
(EPA 625/1-77-008, 1977 'Protection Agency 
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JJC. .Us^oAi] ajlg-aj AjLlk^a JJJ^ < . liiaJJ tj^olal ^oaj ja»"i_&«a dsLi-ii-all 
1 j j i . UjoiJ ajjjfUl "(JJ$ 4-aiaj| Laj-ac Jlktij SjiJIS AjISaJI Jj . A -s Jl jl 
jl aLui JbutlJ £_La] ^IlS.} ^ J-*?- W-U j' (j* 4-JLaJI 

1-14 Jlli 

jjJjJ 120 4* -si >n« j-al ^ joljj^ jj-aJ J^il AjjLaII 4j jl j-all ( Un-sl 

'1.0 mgd 4-aijnalaball aliAJL jjfraall Jajui jla ^Lj tAju^l CliljLJI ^ic. IjLaJcl 

cJ*i*J^j '6.0 in./mon J j . ^^ l ^aj ^Lj <^ 2.1 in. ^ Jjla$JI j 

.10 mg/1 cJ*i*l^l <>W^ 4^ u^-jj^ j£ jj 10 in./mon ^ja^>1\ 

36,8 -in. 'mil gal 

1.0 mil gal/day . 31 day/mon . = 9.5 in/mon 

6 J J 120 «C 

(jjL^a Lr ^Jajoi jLsjA. (jlaljjaL 1-14 <UjIxa1I (j^aJjaalbj 

sLaII aIja*. + 10 in/mon = 6 in/mon +2.1 in/mon 
aLuJI 4jj-as. = 16 in/mon - 2.1 in/mon =13.9 in/mon 

: i3.9-9.S) In mon .120 ac 

= 0.46 mgd 



31 days mon .36.8 ac-in mi gal 
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2-14 Jtia 

^jlill jl^aall j aLuJI 10 mg/1 jj^Jill J O^J^ -1-14 JUI ^ 

• 25 mg/1 4jaJj^alui<all oLiaII (jo^jjlill (_g a JajjjjlLa .%20 Ajjlill Al\ j] (J>a 

1,0 mil gal day . 3lday mon , 25 mg l.x 8.34 

= 54 lb/ac/mon 

120 ac 

020.54= 11 lb/ac/mon 

10 In mon. 1.0 ac ■ 10 mg/1 . 8.34 

= — — ■ ; = 23 lb/ac/mon 

3S.6 ac-tn mil gal 

2-14 ALU-all ^ ^j^jjaalLj 

54 lb/ac/mon = J «\ \ (j-aUalal + 11 lb/ac/mon + 23 lb/ac/mon 
tjjlLuJI J (j^aU^alal = 20 lb/ac/mon 

<jj.uJl Jjjjjil ^-alaji j»jAuaj 8-14 

eLla <-aJaj| -i j <\ i t-\\ ( . lUaJJ . (Jl a«IluL>U sJJlaia _a<a <LalS A <\h'il 

A^lui ^»Uajj toLl* (jJ_)^ '^^J^VIj jjg >*lfl (JJJ 1 ajjaiS jJj-iill 6^l*-a 
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^Lua>VI j j^?^l <■ JU«iuiVI ajla-aJI bLaII CjLal^aJLuol 4il£ <_ilkjj 

t j3 jiall jjjiuJI ^7.^ jjjJull B-lU-aJI bLaU ^Ijl±».V! jjL>JJ La^jc. ^^>iall (J.) j 
(jAjJaJJ . jjg Vlll jl^La ^lila-Vi jjLau La-iio a-iC-Lous aLj-a j A \ <-\ a 4iLja] jl 
(jfLaJ jj C(_JjIaj (JI<\t,"ii 11I j ^■lila.VI (j <ajSaJj ^Lji^Vlj (JjLtiaJI <— uLaJI i"il J7»j"il jlml 
J^Iai*]! < . uIaSI Cjl jlml (j <\ > iaJJ .IAjS jJ .lie jjjill B-ila-a bIja (JLaJUjoil 
aLi-a jl AjaJajoJI bLiaJI j AjSjaJI bLiaJIS 4^Lia.!/U a-icLawi * <-i a (j^tj c jjgjaulL 
a^lc-V jJjill a-lLxA LsLia '^jjyj^ J ^U"^.)"'^ ^i-^ 1 ^ iVinn t!ii!lA3 .i_ijju»3I 
a.ilc. AjJajlill bLiaJI ( ■ ImTi 4#.lliill j .aAuLa AjlLj (_^al jl ^)JC 4a2_aaJI bLiaJI 
Lai .4-ajAJ^]l Sj^aS 4jjIa3I (_£jla-aJlj c«UIaj3l ^gjJalj^/lj c^^jJaljVI ^JaS 
t«Ll.}ju]| Jjlalla ^^iJjJ j <4jjjj ^5 LjjIc. ( . lUall tjj^JJ L$ bLia j2 jjjj t a^all ^3 
.llui JaSZ V l$j J <L}la UUa AjjIaJI (_£jU-a]l j Ajjajll c5 jJaljVI J 

£Jjl lilL&j .4j_ajjuJI illUlLII j (jjb J^)»-SI ^gifr 4_iajui jaII aLl-aJI 4j jl ja .IaIxJ 

djl jiudJ l^Aii^aj (jS-aJ till jlu) t_£ jIoaSI (JjJa^JI j3 jJ La^jc. ibI-iaSI j3 jj JJtaj CllVli. 

t_$^. Qli ^lila.Vlj jjg ->l\l Ljlxkj ^SJ .JaaJ dsljjjuo jl l<iLa. jl t4jjlfr jl 4<lLj 

.Lalc-I VAk .i_±Lj]l (_>Akll ^ oUaJI CjI jj^aalj tjUJI j..SUt ^U.Lua.V 

Ia^jc-j k iliaJI 4jjoi < _3 (_5jJI bUaS ^Lui.!/U laSj aLvall ^Lua.VI iuaj ^jic -j a ■ ajlt 

tAjjlaJI CjI jiuJI j cJliaJI till jloi (S^- JJJ-^I SjU-a aUJI ^fl 0 j3 j lilliA tjj^ 1 

jj^i (j^aliall CJaJ t<iL^)]l dj| _aluJI j 4jJjl«JI dll jlaJI (J^l^j .AjullLa t 'll Cj\ jjjoi 
4<j3 j^JI aLvall jaa. t t ^aJam ^jia) ci J^-^ L^Lai j <Jauil jJ <j^ajlill oLvall 

j! t ■ v> j . jJjJall 'ajU-a aLvall ^ ^^l&l ^J^l <^ UJ^ • ((^J (jJblia J 

aLvajl jl ( 2 , U"<1 all oLvaJI ^jial <3Jjia 4JJjJj1I ajU-a aUall - J al ■ aJ 5il£ j ^ 1 aJJ 
(_5jjjjJall (j-a (Jl jj ^/ J3j . 'ajUt-a eLbaJI 4jfr jj jjjLslaJ ^^ij V ^^1 4_=JIxaJI 
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oU-alb jjfl (J-al£ JLmluil C5 lc- ^U»r-Tl\l .laJC.1 I jjj .JaaJi]l L_S Jjia ^ allAjl 
^UlU jj jiL) > .i j t^lc-i ^liia.^1 jj^J jl ■ ■ >aJ l&jjc. 4<lLj Aiai J^a. JJjJjll SjI*a 
j! IJAJ .(-jliaJI CjI jiui j AjjUJI Cjl jlaJI JlJU. JJjJJjI sjU-a aLJI ja£- lilljA 

jLjaJI jA j\ 4ajala-a oUa jA jl 4jaJ ^La jj^ j-a ^Lall j?-*-!! "^""d 
^3 sLiaII ^J^ 3 ' . '^.L? .4j_aa-a l_)j*l j -9 jl ** ' j"'"*- " 0** J l^gsJai all 

JaaJill <La jlLa jjj ^J^Lj JJjJjll SjI*a oLa ^ aJajl aJ a ■ aij ■ ■ laJ . La3 [£jl jJall d^la. 
(jiajjC. j AjJajlill sLiaII ^J^a j-a <-J^ AjJaLuaJ jjjIjIj ji.^/1 £a 4|_gjq\r-i\l ^jlallj 
4jJjjlll ojIxa oLiaII (JLaxJjuol jJjJaJ ^frJJj .oLiaIIj j±Q y'W ja£. dlljlil o-IcLjiaII 
sLiaII j '^J^ U, sLiaIIj I^aCJ j jjjjlll ojIsla aLlAJ jj^-aj]lj tllLV jll (J^»» j ^uajjH 
0JC.LaiA oLia (jiajjC. ja^I ( ; lliaJJ .i_Jjji]| oLiaJj 4<aJl»-aJI L_ii^al aLlA j 4<j3_aaJI 
oLiaII (J^ajli ^J^ 3 j-° -^^J 1 o o J^J^ ojLia oLiaI] <JIa*JjuiI ^ >.->ql cj*^ 

. jjjjlll ojLca 

a jJ (jA tillij 4 jJjJjJI sjIxa oUaII j^sa ^ j 4^jjj^all ellA CIiUaS jjlfJJ 
Lail»-a lll-iaJ jV <Ua jjll ojjill CjLljjudjl •J 3 *' cs^j Jfr" 1>*J J 3 *^ 

dlLLljaljVi JMa. djA^J (jS? tijll ts ic 4— lllall S Jjj JjAJ IaJJJ 4*.LalA J 

jjg -\"\\\ _oa] ^»Uaj jjLa1a]I ^^-ajall (jj^aj]l ^^kjjujj 44aj^jAJI 

<a iajjuiajI tillj] 4 $ i\ ui aj 5 mil gal j Vi (j^j I^-a^a (JjoajjII ^Lila.VI j 

djSjll . j-j jl a <\\l ^Uaj 4 <i ^1 t . iljui'il j ^Liuj^U 4 a-njS ^.IIiaII j^il 

CLijja. ^^JJ 24 hr S jjil sjIc. ^jaJI jaLujJj jIoaII J jlag \l J^iLi, jJI ^laJ 4jjdij 
• _oAj]l ^uui_oa J^jk (Jji ^i-s <\ll (j^al > ^>'l ^1 jljLaJ tJ?J^ j laJJ . A q » si\ t \l 

4oajj_4a diblja. ^ Jaiaj jl J!>Lk oUaII djbljjaul ^J^aJ jS 

(jjjia]l (jjj ^-aaJI ^jj (jl (jS»aj -u?J^ (Jj^aS ^ Iajjjjj jIxa oLia£ l^al^aJiuiV 
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lA jJji .sIjca oLia (jj^ij <-_al jiJI jj-aLjoo (jA JJJ^ (j ^ » aOJ .oLiaJI j ^ ■ * 
jl jjlnlL jl jLjaiJL lA jjjJj jIxaSI oLiaSI jj jio tlll^j (jlafj .AjjIaII Upt <mj 
Aj3 jaJI eUall ^1 CjU^La j Cj| Jlill o j oIiaSI jlija jjA iaj] jjLn^JL 

^ jjjJ (-Jjjoull jlS I j] La JJ-iSiJ eJlc AjjIIia Aj3 j=JI aLuJI AjSI ja j .l$ia (Jioil 
(j^ajaJI j L-l3la A^ilfLa ( _ s ic. ^ui adll j^JJ (jl ' . ^Jj .Aj3 jajl oIoaII Ajc. ji 
AaUJI J JJ^aj (j* '^]\ ^LujoJ £OAau3l (JjIsUa L>° JaLvj •6jL^aSI (— iLicVl J 

tJaaa A-AbaaJ (_>ialjC.V A-MuJall (jlaLLaJI ^ ^JflVi Jjlalia $.Liuj .dlUljJaJ! j 

JjlalLa jSjJ .jj-ajill j tA^Luull j tLJjIjSl! Aj£jajj]| CjVLaacLaiVl ^iaj j 

^LaJI ^JjjIIj AaIauJI <j^J t .^ji j ti—ijljal! i_>j£j AagjSjjll AjjIaII <\Vill 
(jj^J .13 .oLiaJI (j-a Ac jIaa 1 1 \\ <_JaI£ (_UujJ (_£^)^-l CliUal ujj j 

Uj^al ^"b nl (j^-aJ V ,^^1 Aj3 j^JI sLjaJI Alm'iMj l^j^i-a sIoaII (jj^ij 

4 l-i i ii eltajj dl^LSjuij ^ IajjjJj -iIxaII oLiaJI (jiaJ .oIoaIIj AaIxJI dil jj^aall 
.(_3^.V dlSj ^ aJjiA (_paljC.V IaJjjJjjI 

£a LjjoiLaj j AsJIxaII 5a j^Ic IjLaI&I aLiASI (jjj^j dilil ja. t tunn 

: J ^luaVlj a^JUaII 

jl 4a*_ala j hi La jLvjVj clAjJji ^laua oLia (jj^iaJ AjjUiL ^iasj ^3 1— »\ La • 
^>l laJL hLj ^»jA«il Jj^-a i]y^a jj tAc-jJAA Ao^j3jj]| dlUaLioi]! .AaliASO (jlaljC-V 

■ AJaUilall j^JI j Aau^^/I 
(jj^J lAjJji jIxa oLia (jjjiJil sJj^-a Aj^jSjj ^OAao (^Jalla • 

(JjjIaJ (jjJ AjjIa Aj^jSjj CLlUaLiu) bjj^aLa LallVunl \; 1 ^>\l j L_ljljall Mj^J 
Ac. jIaa ^IaII £tljoH£ OjoiaJI (_Ja\£ !_Luiu Aj^jSjj dlUaLuijj A^.LuJI .^Ajma 

. 0 Ua5I ^iLul JLal^l JoiSl] 
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dsUaLiu]! jl 1 1 *it> 11 (_>jL<u1I ( _ s ic. J jjS LgjS jjiajij V ' - Uai ilA jJj^J .jLlaII 
Ijlajj LvjJojj (j a i gajj AjjjLi AaJljua (j <->j > li& I ■ llLij .<LuIaJI <U£4Sjj1I 

aJI^aJ ls^M jW^ 1 2.2 MPN/100 ml ^1 J^jU Luiu j 
.(^jjjjjjjjai jlujSJIj 4(_g jjua diLuijjja cLpjU^ AjJojaaSI diLi j > II 

aLl-all (_Lil_aa. ^ j j^ 4_sJIjla5I oLiaI] (jS-4J t^luillall c_s J^>lall ' " laJj j 

jla-a aLlA jjjii ^.auU iASiA jljjjjoiVI j ^La (J-aLa. <_s^ U^jp-^ ^Uaj (jl .4_j3jaJI 
eJliaJI ^jJ ^a J!>Lk ^hVu.^U ^lli j t JJ'^""" ^La <-M-a. ^Jajli UjJj^j 
t(j^ajS/l (_3j3 (_pal j^l ^ jjj^lll (ja "atMSi (JSI <j3j^JI oUaII jjjij jj 
4 4jC.jj]| <jjJla A\&ys. £>Lia £a Lg_L!}liil jl jaJluiVI jLl (j«a sLiaSI oj^Jb (JLala.V 
(JaLsJI c_ajj^ajj cs jJajVI dlaj jjjiall ( ■ lllaJJ . JIa*Jjui!/U <Lla jjfr ^LIL) 

. jl^jlui^fl j jjjiall .laj IajJjJj jUlaII oLiaII Ajfrjj lIsIjjxj <LuiIj.jj ^Lall 

.6 cJ»r->qll (JjiSjj Lai laSj oLiaSI 4_Ajoia IAjJjJj jUla oLia £JJJJ (jj 

Ai jiLa Ajjl j^jl t_ilAjl Ia jJjJj jUcaSI sLiaSI jjj jl jjjl jill " I ■ lllajj 

jj£j jl ' - '^J .t—ljjoJI aLlA £a ^jjJajJtl) LjJL-ajl (^.jlijjj Ia jn<n\ ^l J^.j\ iaJ^jjij 
18 in. J i^j^l aUa Ja jlaa (jA (Liaal) 3 f t t^ic UjJjJj -jUaII oLvall t_iuljl 
oUaII ^jIc- t—lHall jljiA _a^-j ^jic /cJSt l-lljljVl ^l^^t jj^J .l|S"'^" 

tllli.Liia.lj c-laj^LS <— 1 jILaII oUaILi jj^ajll jI.j1aJ LjJaLujI (ja J£\ l\jt> JJJ^ ^U-aJI 
(Ac^uJIj tJaijJallj 4L_iljljVl (3^*^ ^ i^jj^^ ^-ajajl (Jj^*' ^ •L3^ J > a "^ a ^-° 

• EPA NET 10 Jla ^aIjj ^likl^U L-diall Cj jjijj 

^^Ic-I (j^Lll Lij-a ^LjiajJ c^jjjjll j 4^1U nil A nlVil «\ i ^ . i jj (jl t_ia_i 
jaVI < . ilW'n .ojj*la dlVt-a. tllaJj LjjIc. A lajl ^ all ^jj all 4J£aa 

^iVluij Laic j .4jjLij^£1I AiLkll ^Ijaj <4iliLA Cjl^.j CjU1a»1 jlii] Cjla«-a 
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Cjlisuall (jj<j (jl ^^jjjjj .JaVl 24-hr SJiaJ Luja. a^JIxaII 

jl jl cAjjLj^II AaUalL (Jjlxll JjJJjll (jc- AlaloiA Laj 4 Jj jaII ^tjJaSI tlll^a-a 
t^lj (J ^un iJaxjj (jjjall (^^1 jW3^"^ (j <\ > Wn •cJj^J AiiUa j L sy<\) sJjj-a (jj£j 
i_}aI£ <_s^^ <-lo^ L>* (j^ *^ LS^)^ dl!^at<aj t CllLal <m ^ j cdlljjlj t dll uU i i i , n 
jail j AaJla Jl AjIaC. ^ja jj JLa. ^ jjjpall lis ja> A^JIxaII i—fl^^JI sLa! 

.(JjajJI £tL«J jl (^ij o^lcj l . nVi\ tdJj j 4(jjjLJ £jJa jll ^J] Ajj-lJI 

IajjjJj oIoaII Ajfcjj ^ ^ ui^r. iJ^iVn sjoj^JI jyjpall diljl j^. ^$JJ ^3 

t -ill -*> l-i \\ jajj . ^^L^aall (Jjaall A ->.j"n Igj j j j djL^iua]! ^ jLj t—llla Ml _oaj ■ _ 
(jl (j-a ^C. j]L jj&a O^J^ 1 ij'^P* Ci' ^J^J - ^ ^Juol\ AjaL^all oLaII ^ 

jl V) t^gA La£ l^ajjjj aJJj tUjJjij jUaII oLaII 4 t> \\t a diUlklaJ ^gij oLaII 
I jkj ^Lkill AjLu^i j>A 4i jala ojjj^j JJJJ ti J^-VI AjL^II -il jaII j ( ■ llU Ml 
lA jAi iJ <j^)J «6^aSI Clll^iaa CllUialjj c jjjI jJI j a jjir . Ml dll ->"iMI Ia^joi 

jl (jl jaJl ^uijlil J sjjMj jl ^aj^ill sLa AsJUa (JiU. CjLljutAll 4JI jL 

£-a 4aaWI oLiaSI ^jlaJ La^jc (_s-jU1 (j^a j^JI <_l!ilijl (IjO^j .^Lall (j^aj^JI 
4aLa j| ja ^1 t_i!iUj'VI Joaj .(jjl jaJI (jliajll sJjLJI CjlkkJI 

(^jjaJI JaLiall i— a j nun > " t^^ic-VI t _ s j\— oJi j_^a_oaJI ^la (jA lIiL^xa j 

cAjL^JI jI jaJI SjLjj jSJiL >.ijum ^ill jaVI jjau^Vl jIaJ JjI jlall 

jaauoiSVI CllLjjJjuiA ^3jJ L^J^)^' (_3;Wl\l 4iiiiJ c-l j^JI JaC-ljjJaj djljalj ^a^aJLaiJ 
.IAjjjJj jIxaJI oIoaII ^JC-jj (jj I il^"' |SJ (j-«J it—ll^All 

(Jjlaj ( _ 5 ic-l (jj^J (jV JJJ^J jIxaII sIoaJI jjj ^aUajll (Jjir. uSj Ja jir » >i Joaj 
elslili^)]! Aalaiu jjA Aall*JI Jajir > j .oIjaSI ^jjjj A <\h'il ^ l^jljjiaj jjA 
fAAx*aj\\ 1-iir > >i ^ jl jjj .(120 Psi) Ajljl*^' * C ^ ■ «all -^J-^J -^y^JJ V J 
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£»1 J3 (150 Psi ^1 lU^ J pUisM Ja u^j j '100 Psi j 50 a* 
jl t_iaj <ula (LfLus lillj jl£ ^Ij .90 Psi^Jj 80 o jjW^j I Jjc. )->i <_£Jja 

La j 4 Aj\iuJ\ aJojJ jJ > ^^Jc AjaaLa^all <ja (j^J ^Isujl (J Je- sLiaII jj j^J 
lAjjji jUx-aJI oLaaII A (Jj-aJ t^ijj-a (jj^aal 4_luiL\a ^JsIjaj UaljC-jjUl ^ajujj 

AjIS CllLal .VVimVI (j^axJ j UjJji jUaII aLuJI jla lillj 4iLjaj .Ujjj.£s 

aLuJlj elil jj^aull 4jIas. I . La-j .sLiaIIj jj^aoJI (j' U-^! 'LS^J (Jj^J 3 *^ L>* 

jIxaII sIiaSI jjjj lfrl*AJ I^jjIa^j Au 't-\jxl\ Cli^L-ia jJI (J jc ^)jc. lillij ell jlill (_ja 
> ; lluij t"Q^ j (jl dljllll (j^AJ t^jlij (jjJ L>*J • t— i_^)juall slj-aj L^jjjJj 

Jail i >i j\ (j^aSl JJ o Sail > >i ^^A aij j-all 4 Ifljlall j . (J^l aIaII Viir i >>ll jl o Jj^aII "GajjoJI 
^^L^al (jA j\ (,oixal\ LS lc jojS ( . \\)~t (jA (—J^iJI alxa £JJJJ ^»Uaj ^ ^jLjj 

(—UjoU (jJaikla Ini > ("iVl J^-^' ^ UJ-^i La^jc. 41_j^jji1I oUa ^Uaj] <L^iaaJI 
(—UjUVI 4^uj ^»Uaj ^ji Ajlc- JajijJa jl ^jjjall ^»Uaj ^ <jJaikiA JajiuJa 

.UpjJ La ^gi 4jaJJj-all Ai^alaJI 

j .t_i^all sUaj jj^aJill lLijIj ^aa! Jj^aJI (—jIajouVI 'LiLa^. j»lAaJLoil ( ■ laJ 

j»Laj^ij LjIj^ ^Jj'j^JI aj^ill ^»Uaj ( ■ lllajj ,<_i^jill sLuu jjg clijlj ^lal 

Joj^j j sLaaII ^ L_l jm'i«\l (Jj3 fLiAllj CjI jj^aaJI 4j3 i . SjjiAJ I'm; 4ajlc 
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AiuA\ sLaJI U.lk. j .1$aI lVi.nl ojlcj A^j-S (J! Ifrll . ajV £>La]I kxjJa 

tL_ljjiU aLUII oLiaII (jJJj ^ (JL^ajl (jj-^J 4 1, <ailA L-UjUIj ^ jjJ I&jJjJj 

("iVj .oLiaIU dll jjg Vill Jai> (^j^C- (J !aaa 1 o Vr» . >i jljujl £jIa ^1 lVi.nl (jfLaJ .133 
jjJaiJI dll aJajoball iSJ^ ^^WJ-^ oLw ^1,1 Viml (Jl* CL_fljjiaJI <_>^a*J 

4^jJja ^JaS <C <i ^l.l Vl.nl (j^AjS c^jJ^a L_ujljl |»Uaij AilaAA (_ja 

. <~»\l dlLa-lk]! j oLiaJI oLila <Ul£j 43.ll . a j (J^iJ^ JJj 



^U^iUlj ^ 4jfcl jjll t_ijj-all oUaI £jUJI (jSiill ^^luil j£l 

a -\ \\ ■» (_ja (J^-^ LajjJ 16 I (s"i"»l i ja A\c.jjA ( " 1 . .1 . ill jS3 .1966 ^c- ^ja 

i—Ujoij jLiill -lie £SJ » jj^ tlijUSI ■ j Cjliii-all <SI jV AaaLjaVI 
ajjj J^Li. dil^A S^C Ax-jjaII ( - it,', i) j .iSJ . i S^jj^ail sUa! OJJJ^II <aALoiaJI 

JJ^-A (_£J ftj^^J ^1 1 V . illj jajjJ 2000 f^£- _JJJJ I- 4 4 j i ^IaII Ajjol (jjjjixll 

1 Sajlaaj 3-14 l&^I JS-^y . 4-sJIxa <_ajj^a sLa <jA 23 mgd AiUaj ^j£ja 
jLjI j cAc. j^aJI ^LaaJj t^jjj^all oIja (jjjpjj j (AjjjaII JjiaJ] I J <i j a . sy) 

V .^-SjaII (jA (JJjoiII 4\jj^>a]I (jJajbU AaaLjaj Ajuj jj jVI ^JJ j .AjsI^a]! 

^VN >JJ .11 Jja-all jOAJ du£j ^gjll j 16 jjJj 14 (jA jjU-aJI JSJoll JgiaJ 
tajljaJI c^^La]! JjJafrll ^/Yij '^JjjA^. |»UaL AjjS^aII jjL^aJI 

j|j^)ll ^LuiuL ^i^Vi\l ^JJj .(jJ_^aJ^ a ^-° ^^J^J SjJ^ail S J ^J ja ^'j 

(jAjJajJ >t5^l CjI^xa 4 _ g ic- ("i;^j ^■LuujVI AjJaiiaA jojI^j ^llVi.nL (^Ixa]! 
^Lu^ ^jC.jjo»1Ij tsjill i^^tfUl ^1 jVi.nV ^ 1 Vi . n"i Ijjij) Vjjl^il clj . al a <\ll 
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OOOO 

oooo 

oooo 







Lfcj.li5 4jjUaJ ( " n <\ > ii ^ (J}2jaj "C£^ (J^J^V > j 4<^3^)J ^ (j_)aJj 

^Jjjjjj t4jj|jjj 4jjja. ( " iL ill ft ft dllia '-^JJ ^JJ^^W 4_lxa^a Lai t27.5 mgd 
^ iaajuab III j II jlaka-aJI Sal cjjjaLja) BODj SS AJl jj (jxahl J^laj 

(j^l ja.1 (JjS AjjI jaV CjUja. (jA LjlljoS IV 4 La Lai al aaJ 4j1aC. 

eliV^«-aJ oLaII (JLuujjAj (jj7> ui^Vl (Jal&j ^ <\ > nj .4jjjjll 4J1 jj (J;1aIj] tilli j 4jj£jll 
lil^jj 4 \\ r ft\\ bLiaII (jjaj . (jJ^jjoill (jj-^! UJ^ L>* 

i - n <u n ^ c3^>* ( — ^ -4-5 mgd Uji i_ iU nml 4iLkj jaJI 

llta Jil .(4-14 J£ji3) jkil) 4jJ _oa ^LaJLua CA U-> ft *Lijj JJC oLaII ^u^Uj 
^JLaa.] ^ ^1 lajj hL Lia.V ( " n j 4i^.^aJ| (_£jL>J ^jla&j ^Jj__>A 4 3aa I 4 ka ^ 
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^gj A La « qa <Li3lial! AyWf <\\\ oIoaII ^^- 3 ] Oij^ 1 £^J* £f^J «102 mil gal oj^3 

.<& jjaII (jjji s^jj?- 48 mil gal o j^a cjjj j jj3jI jj cdd du*m <_j 




ji.1 (J jjb^aa-aJ t jjj (J jjL^aa-aJ jjlj (Jta. t <»f-n Ac-I jj (j <\ > >>"n 

t^jSj/dl ^jja-all c^jilj SjjIoII ^ q » ^> *i .iaj jjj Lujjj .(5-14 J£j^ J^) 
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■ Cjlj^aJI j ajLjJI L-jUicVI 4j aJojjjaII JSLLall 




5ji 



4'n,n\ Ji* ^ylc JjjLMuM Jji ^ jS '^j SI J S j.>ual! j^JaJ -cSJ^ Jj**^ ^iJ^ » JJ*^ :5-14 <j£" 

dLm S jjIj 4ial >«) .(54 ha) 34 acre 4jj>»!I S jjIjSI <^U*» jJUi .S jilL jiVI *iuojj n-iLSeL £jj>« 
(LujjWLS ly -U5UU ly ^U5UU iiji. jjjla-j 

^Uil£aJ (jlajj J^LLaJ ijlnin ^jJajUll sUall jl 4j1LJI CjU^XJ j^kj 
ClYliu* Jajoi jla ^Ll .Aj3 jajl aUaJI dLjjsi-all <*-9-^J SjUiall (—iLuic-Vl 

^ j^Ij jjj t jji^jij jj^jjjj jSjj La 4 (6 cm/week) 2.4 in./week JUxl^Vt 
Qjia JjjaII 'ijJ^jlL ^jLujI joll Cua&j jS3 .(8 cm/week) 3.1 in./week 

(jl (jjJ Cliljlajll (_Jj3 K^"udI ^3 lIiL^xaII (jl <-li^.j La£ tAjjall dj^jaJla] 

J 1993 d988 <1984 (1980 pi jc-V ^Jill c±i jlla j^iu .4^1 jxJ! Uj^ 

^c-alj^J jJjJaJ lillil t^C-li i^aj AAmLuJ ojjjl^ij . ^ jAajSMj -Ij-laJI 
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.-sU.X^tl ^jl^all |_^LaJ! £«a ^il^j ^^all cIiU^xaII (ja La 

. L-uAj^I ^jJ^-a <Uj£jqiII JjjaLLaJI ^ £tUJ"^ f^^J ^*J^J-^ -^-*-a oL-a 4_aJl»-a A 
(jjJJj (j-aJ^jJJ (j^>LaxJj (j^jj-a_a-a ^jiiL^aJI lUS ^ jjj^ill s^Ut-a oLl-aJI LaUajj 
.^jjjll ^Uij j ca^ka^J Ualai-a 6" 14 JSoill J^, .aUall ^.^.nV 




U jjjJj jUaJI <J j^al! »U» jjjjj j»Uaj ijVUiu^I ijJl jj4 S jjb i_i j^a »U» ijlka»» :6-14 Jii 

JjlAa.) <icUi» ljjjU 4ji<iniH JLLIaU Uj U jjjJj jUaJ! »UaJI JUiiiuil Cy^au 'Lttja^l t^J-^J 

1 »jja tjiJi -(jbifl flullj i4etwal! t( _pJi»J! iJjIasJI jU^a 4x»L»i 
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1979 j»tc jjljj^lj ^j^j^a aLi-a A La <i ^ L_Sjj^l oUa . ^ . ..I \±i 

(RWQCB) LujjiillS AjV j3 A^ulaVI sUall 4jc jjj -<^> o-k-a Jic. laJuc. 

^JJ duau 4 all ^ (lit ijutVll ^Uflll j-a 7.1ij .aU-\ t\\ <>> £ji»ll djUikla 
66- f>^>.' C-H 3 J^- J^- J-il JJ-ilj l5 J Sjj|j dla.j]a CllUiLlaj ela^l 

l_al jC. jLajJa-a j^fl U jjjOj jlsuall oLuJI £■ jJa j^AJ Mni £tj^a ^»Uaj £-a mil gal 
(jl Ijjj^. jLf^l I^A ( Jim .Aaia-a l -buta a^lla ^jij jliA j^IjjASI 

.1977-1976 «-ilia> S JiL ill! cjkj ^ULlLail 

4 _ s JL-a JAlLqba ^ 4£>Ua i$J jja <1U. SjjI^JI tlulcl LallC j 1 1989 (»lc- <_gi 
(jjfLl ClUaU oL^a * > ill a^)£a ^Ic ^jij AjjlLa SJjI^U ^ajljjjm fjC^A 

Cj jJJ eliaS Aj^u^xi-a (_H3jl Aj«Ja3 3500 J <— aljC- jLajJa^ (J-aAj jA j el* jJjLij 
L_S jx«a eU^i 4 -> \U <i ^Jaawa tllJ^aJ AjjlLa (J Jc 1990 bjjUI Cja^L^a .A^jaJla 

('lu^'i .AlLall JOC. jjj^all JUriuiVI ojlcl CjUlklaj s-li^l ^-S-i$J "4l£ JJJ 
t^Lutlall otaaJI tbljl LujujJJ c1996 »lc AaJU-oJ! (^ic alja^aJI Cjt ij ui Vifl 

oUaU 22 LujjiJl£ .VTinui CllUDalaJ *-lij^U jajSaull j c^tuiijjll j taLi-a]l tjjj^J J 

.3.6 mgd Uji <=JU-a 4iU=u <a«*aJI LMj jjjJjII SjUx 
jljall jl£ & .5 mgd IjjjSj ^JLu S jji 4iUa jjjJoII S^U-a sUaII Jaj ^Uiul 

j»UJI jl^a (J _k 1.0 mgd ^jj^ t5-*^V' ^JJ^^ J L> i V^ t^-a^J^I 

\jj tJjO=Jl IjaLoui UIojouI t>ajjl 4jjjjI aU^li A-MUfkll ^jSluuJI ^^Jc A laala^al] 
(jx 4aaLaJ|j Aj-aLaVl (Jjl^aJI oLw JJjJJ Sjlcl Cjjl j _ajJajAll OjLu l_Ujuj 

«U-aLaS/l (jjl^aJI oU-a JJji S^lcj 4jJjJall s^U-a oLl<a A alajV UJJ^ - ^ (jjlioLa 
(jjlOsJI ^ j] j .sLiiall t_al jj^j Cltso AjLu^sJI j J^jll dual ja L5 ic 4jaaL=wai] 
JolOl dujil lillla Jjjj cAaakJI j ^XaLaS/l 
t4jl j> ^>ll j t (J jir . I ' i 'ni l CliUl j jjai-a j CliLaljalVI ClAjj j i (j <i i <aJJ ."IajjjJlj 
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lg\ ^ SajSUlU 4 <Jaxj Uujj t<Lalxll £-a l^Alxa (JjiIaj JLaJaJ <ja 

jl i-Jjjiil ALUll oLaII jSaj .jj^aaJ uUKukiII L_J^il3 <Lla aUa 

liljj #.(Ja3 liilij '"ijjll £ jLi. j»jia^>aJI cDla- ^jaj Cj jJill (Jklj JaaS ^A^L in 

.Ljiui o^jWI <_Jj3 (Ja 4_ijJa^)*JI dj^ilj^ajll 

jjJ ^^ilaawa] 4-aJajl dlL^aj 4 jj jJdJI aJllxA oLaJI ^»Uaj JjiaJ £-a j 

CllliUaj JJjiaJ J <£^a Cllllxi-aj iUajJ \_j-J jaJi lilli t jAjJaJ j jllA jj| jj^Sj j 
^1 jjJaaJI ^llaJI "jjji AasL^aVl JJJ-^I 'a-ilxA oUall 4-aJajl ^Viin'i .laUjJajVI 
j»Uaj jj] a^aUll Cjljlii&VI t>ajJaJJ . jilitl\ ^ailLa j (jjl-^JI j jjill Jaja, jaj 

t (jj jaUjuoaII ^»IajAI jI^jaU 44alLaJI 4 <\1ViSH ^ ^Lajll J^J- 2 -^ S^UtA oUa 

4_ia£ ajlijl j . j^-JI ^ £>iai] <=JUa1I ciUkiA fobji RWQCB ± j 

t " )l* > n *.Lijl jjjJjII a-ibtA oLiaII <jouj^)1I A ]~\\\\ jjAjJajj tjjjill s^lstA sIoaII 
Aac 22 AiLauJI CllUlialaJ lis j ^UJI jI^a ^^Jc 4-n\U^L ^Lall AjiUja] 4jaJU-a 
^liiJI L_Sjj^a aLiA CllLLuuil (jj^iaJ ^LajuJt t t^gj lilJjj C^^ajoi _oaJI j oUaII 

s^Ixa IaLia |»Uaj Ajtjoi jj (jAjJaJJ .^^Au^all (JJ$ i^ai J^La. I^aI ^"udV 

a^ljuaJI oLia ^»Uaj ^fc^Jj .UaLjaj LjajJ lij_)a>J cisjjill CIiLjIojouL c-lii^U jJjill 
AlAa IaLja ^cjJoj (Ail joj ^tjJa AJai-a '"''■^'l c[^jljia]l dlVl^ IAjJjJj 

t ^ ^cj-^ <ixa-a ^l^iiuil (jfLaJ . jj jill a^l*A sIjaJI ^aliaj ^ L_)jjil] 

UjjjijllS iVni ja CllUiLiLa ^a (_jjUaJJ IaLi* AaJUi 4jaa>»a ^caJJ V LaAic oLiaJL 
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CjU.Lli.Vi jt 'SjjjjII "ijj CjUIu=J ^JL jl jjj=JI j j^JI ^UajJ jSlaJ V c22 
.j»Uaj]1 £JJJJ AiUa djjjUo jl 4jlUa.VI 4j-a jjll 

.tiLmSJI Lustj £tJi. jJJ ajJ_^a. <JUj ^^JjujjIj (Til m AjjJ-« £jij 

tljjjjla JjS j* 1972 flc t-jjj^ail eUa Jc C_xalu ^Jl jjjl jill <_JjJaj3 

jj^jjlill j* 3 mg/1 j tSS -Jl j BOD -Jl j- l£ <Je 5 mg/1 UjjS I jjJ 

J jiia. j* (_lji!oil <Lli]l aUJI JjjJ .^JLaa.VI jjLjjAII j-a 1 mg/1 J c^JLai.yi 
L_ll jjgjsjl (JJiSLiill ^ jlfLJI JJC JAJ I ■ UjoU j i^LUi 60 (_jJI j^- ^"-p jLI 

a Uj jjsll <^l jVj djLjiJI 2L1» jV 5JU1I OJlSill ^jUUj . e UJL ^.loJI 

^jjj^all aLw AjJlxJ 1 gjl )->^ o i"n, < i-s"i 4jjjJI CjjtiaJ c eLi«a t"il^lj"i^.l 
ellLlVjll <_gi ^IfLai £-aaJj _^j£l 4jjjJI ojAj . JjLa jje. ^J- 4 ^UjJ] 

^-^Jaj jLaia i_fij& ^_JJ (_L^ajjll £-a oloJl JalSi <JLa*jjail ojI&J j-a j^^-aj fl lajJI 
A ^r. jbl jjc. AjJajli JJjiJI a-iU-a olj-a jia. Jail jll j3 jj ^JC- jjc. j .^jL^a 
ojlcj jJj*-a £-a (jil jjj ^1 ^gjll 4jJa jS^aJI aLJI Lai .L^jJJ ^La JaLa. ^ 
■ AjaJajJI oUJI ,_Jj LajL^a U^Ja Ljajl 4Ja*-a 1 1 g jSa LJojI ^aJji JLaaJjoiVI 
^jJjjjjj CluLoi l - u'K CJjLa jjc. JLaaaJ SjIc-V 4jV Jl CjUlSala ^UiloiV J 
(jjajjU ^ iua Jaj-u j ^jjJujj |»l dLj Jljj 4jujVI ^jjj^JI oLj-a 4jJla-a dil Jaa <i 
oLl-a ^jj_)iJj t ( " ll i >i^)aJI ^IjV -^jj- 4 (J^LaJ *J_?^J '^J^-J' 

^LLi laj .UJLaloJI oUJI (j^ 68.4 mgd Ujj3 AjlLa^j CLlliUa AjJUJI CllLLa^a] 
aUJI JLaaio,! SjIcI flkil Jakk-a 7-14 J^JI -1978 <J JaJI AjJx^laJI sUJI 
^j]| (^LLw j tt_UjljVI 4j\jJj JLaaiail ojlcj c^JjVI AjJUJI dlUaawa ^5lj-a jJaJ 
t(jjJjUvJ (jjSU^Jjowi j tuj\]j*]l jjxLja-aj cjjjljijl (_5J^I (^LUa (j-ajJaJJ .4joUJ^)ll 
jlxJI aUJI AjoUjjII Ja jJaaJI jUaSI gAxi .Ajj£jJI ^^iallall ^jl <_x}L^ajj 
lAjaS t-ujljl ^ ^Jjj^ k ^-a i—U-JI JJjaJI (j-a 36 in.J] 12 IJLaxiail 
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flj -300 mile £Ajj cs^- 4 ^) tp'j^ J PVC liL^" 1 ^ 12 in./week 

4 <\)Vil Jjioiol <_al£ VtV > ^■IrtinN 85 Psi J 50 <jJJ ^JJJ Jajij^a (^jic 4 M -s 
. I g 11 <\t"i i ill sIoaII ^»Uaj (jc A-alaJI oIoajIj jjg aJl3l <_)3*J tijj;^^ 





4*1 ) 


*^ 


- . 4 Mr- 












* 1 l 




oU« 4 ika^i ^ 
sS^ 1 I^J^ 


1 4 





LSjj gjlij <jj"JI <^ W- 4 ^ £^ J- 4 » Jdj^ 4jJ< yjft <L*3l jl) £ jiu jjj QjUu Jj^jj ilajji :7-14 JlA 



£ jla Ja^jla jjSj Laiii .30000 gal/mon Jlja- J 1.5 in./week SjIc jj^aaJ t 

(j* L-illaJ 4jl I OA jjl jail ^Ac .6000 gal/mon Jjla J£j i— fljj-all elxa 
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jjj^la jjj jiiui (^Lliall ujj j 80.000 tj- -laaa %20 jla 

t(_^jll IfrJ AaJLail LjjijJ ajS jlall ^ImlmJ aLudl ^a %50 jji <LS J^' 

5 mg/1 £>J.iS 4iLua]l 4aL^JI Jll jA\ (j* (^aS) i-^- 4jj^<JI ^ oLaII sOA ^hVimV 

jij c <ajaj 15 ^^JLuaII 1 mg/1 a j3 ^ji l^j ((aJuc ^1 ^ 

4iac V) djliwJI (ja %75 ^ 1 (g q jLuia tliau 4j jl jJI CjLu j] jiU 

^^jl] Uo^jj ^jVi cjUa^-all 4il£ ^^kiai .(25/l00 ml t> J&l lSj=^ 3 
l_L££j U I jjU j c3 mg/1 ^1 1 JU-a <al*-all Ail^l ±\ Jl£j £ jUJI 
^ji-a (_$dS ^jIuaII 4.0 mg/1 oj^a ia> ^vVi.in .4jjljJ ciiLujljaJI 

. (J jir , uU jLxa£ jj jiJi]| jl j^. 

eXjua AaUall <Ixa-a CllLal.^iuil jjAjJaJJ .LujjijllS t ^ J. 1 '""'. 1 4iUaU (jj jjl-llA 

^Uajl IaLui lilljlSj c^jlj^JI jbjlai^/l jl-iLa jc jliull J ja (j^aJjajl 
(jjlalia j ^ J J ^J^l (j-^ 4 ^jjJ^a eLiA jLLp lal^ "Uaa-a ( _ s iIjJ . <— ll n <\ll 
t j uia \\ (J- 4 ^ ^jjj '^JJC. j)A 4jaJljuaJI Jjal^a *• '^"^ .<SjOjuL« jjc- (_S^)^-I 
t|»ja*Jj t^jjlii (JJjJJj tAJajuila sIa^j c<U^.jj Aj^iaSJ dsLaui^a j c^J jl (JJjJJ j 
(ji (J^ajli ^jLi. (JSJJ £a 16.5 mgd ^lAj^ajl l 4iUa ^Jjj .ojjlS <ll jjj 

^UJUaI 1200 gpm —1 ^c.lu.->ll JlA*iu£U ^JUaII 4j1ac. c^aLa 

1^. u'iijj A-s\\y n\\ (jAjJaJJ .(j^tAJ Al\ j\ 'Uaaj ^ ui^r. ^jJaLul 500 gpm J 4-iIIasJ 
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jLiol 4juU a-iL t_slJaJ .(TOC) —SI (cjjjaJt -kuii^t UJ^J^ 1 

aLi^ ( . ilJ^jj .cj! j-«> full <iijj5 a ikj i n i—jIojouVI (j-* ^Jp^l jjj^I 

. dAlla-ajll aJIjV ^..n^rll ^tjJaLlill al^klaib AjsL-ial 4 11 r a jLkJl CK^J 3 ^ 
^jJaljJ <1uiLoi j C(_jlc Kir > >i CjliuJa-aj t(jj^)fLui -1 Uajlil I i'ii j^a aUaj]l (jAjJaJJ 

t(t_Jj I 8-14) J£j£1I Jfrlxj .^.u/st.II ^jJalilU ( <j)Vn aUajj c4 Llla a 4iula ^fl 
^jAjJaJJ .J! Jjl\ ( _ 5 ic ^gjoi^xSI i 'A nil j (5 jjfLfall (jjS ^tuijjl] dll^a. j 
.jlj-aJl s^A Jj^aJj 4-Jajl j AjjISj AajJa^a. 4j^*Jj cCLsUiill Auaj tS-icLa*]! 




(!) ^3 >ji»J! JjjjjS <_£jj»j jUall iijA kj'&il IfJUOJ aLwiJ ijcUua 4aJU^ 8-14 Jiull 

(Indeck. Wheeling, IL. :<> 4ia!>») .(^^Sall 



1132 



jaJI sUaJ) jia. j Ajjiu ais-V aUaJ) ^^Lalyul 

UjjjjjUSj ^la (jajjli t^jljjl AjJalLa ellA ajjb (JjIxJj 4 1976 iLa 
AjzJxij .AaSjaJI eUJI Ig-isaJ i—ajj^all oLa ualj sjlcV 21 oLaI! ^L^oa 

^UJUll oUaII r^l'i-^l tcjjj^l (j^alj&S/ sUaSI jU j J^jll <j* jj^?J * . ^ > »N 

ja*C Ojuj jA 21 oLiaJI ^jj-^xa jj<a t Ogll j] .AjauUll (Ja.lj 5 mil ^gJj ci 1 ^ 4iLuws 

#.Ujj Lujaj jjaL 2 j=A:uc- ^JLJI jl£juJl ^ %75 JiLu 4ja jaJI oLaII jI.iaI 

oLiaJI Cia ja .^pall sLiA jja 4jouU]I JjlaliA AjIasJ ^^Salj j^jA (JjiIjja 















^.liiiulj ^ j <^ • } 

\ ooooooy_Ny \ 




Vwtpb// 

x7| /^^i/ 
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lilljj tJaiaJI (_}ja ^jitejj <UI jlj t ^ > n^r*. ^jJaljjj t lajjilall (jjj^IU jl jialj 

t(57000 m 3 /d) 15 mgd Uji aSIL ^ 4 (i 9-13 Jiill) yi Ui^^a > US 
>t ^*]| ^laL (19000 m 3 /d) 5 mgd j 'uj^ 11 

j! jlal JJC lilljl j 

I ■ n > n j3 j t_s^L^all eLys jajSauJ 11 lAj3 pH 4-ajS JJ^Jlj l_iujijj1I <_J-°*J 

Ja«j .L-JOjoj Jill (J^Ji. (>> jT jU. ^glc- jU. jljp- yi (jjJJ^JI 

oj^a 4qiMI £-a (JjiLoj (J 3 -" 1 ^ i-jLiuul aUsJjlj )-i *n<\ll ^ n^\l (jjJj£JI Jj-aC. 

COD SI (j^aajj tAjjjJaatll ^I^iaSI (j-a £-"^J jl jiaVI ^cjij • ^jLa.S 30 

diE ^]U4 .Lu> ^U^Ij fJ j£K aL&II jiU-oll Jjj .%60 50 

4jL*a]| j| ^all ^Jl JV C5 .ui'sr\l ^JaliSLi .LuiiaJI jjJj£Ls ^JbcaJI £jUJI (JjLSlI 
jtaJ t kxjJaSI Ajiij CjUaa^a <kJ jj 550 Psi — J 4-Li...a JUUj .4j|jl3l 

J_ajj3 <_JfLiu j ^Luoill oLaia. iJataJj 5.5 ^JC pH A-aj3 laAjJa ( a^J tdjJJjJ^ll ^j'syn^ 

(jA ^Cjjj .^gj^VI Aail ^ t^julLul! (JfLlj ^Jjnl\K\l CllljJJjS J ^jjmlKSI dlljjJjS 

Jj^xJ %90 A^oUJ 4jljull AaLJI j-all (_>aii. t Jajj-all ^.u^rll ^^allill 

IU. jLall aJuJui aLyJI £J^* .%85 UilWi 4j.ij.ijAJ 100 mg/1 U 

Aac-^Ualuil lIiI jLiki 2^1 jjl A*JalLa sLu ojjIj djjij i CjUiwjuilll (J^L^ 
jljjul t fljaaHl ^jjIijj lilljj t ^ 3J i jj j_^3jc. (jjiULaJ (_^^^lj 

(_J£jJoll^ ^ t a t jA LaS t^.ui^rll ^jJaljjll is-li. j (JjT.nn 6jj3 j 4ajI^)]I 

9- (JSjJoII^ ^ (jAi-a jA LaS i^JaJI ^l-lklmlj 4«jnirt\l AaJUuall ^tjij .^L— 19-13 

4 J£ UjJajj s-^jj 10 gpd/sq ft oj^a ^uii»JI ^JaLnil JjiLiu c(1l3 

t4,qui)fl\l <aJU»a]| Jhnml t.ih.ni .^ljIjjII (jlluV 4-Ui,ha]| j| jA\ <ll jV ^UjI 5 
gpd/sq ft (^Jl ^ .. n^T . l l ^jJaLiill ^tli ajLjj (l_j9-13 J^*S') ^ ^lb>a jA LaS 
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(_£ j jfLud! ^jjjjjill i . ilLlj .Icjiail 22 14 jaj Jjiuiall dia j a-iljjj tl2 
• %95 j 85 (jjj ^jljlj ^bujj ^jLujS t <ba.U*JI ££^1 

(_^aJj*j] Ui-alj^J £cjljjl AjtialLa] 4 i Sjj|.i]| £a ^cjljjl AjtjalLa lalaaj 
oIja ^lila-l ^IaI (j*l jJI j^-baJI ^Jjuj jjlj 421 oLiaII ^L^oa i_UvjJ <U2 jajl oLiaII 

.Lll IjjLjj jgi ^gjj ^ ( ^ ' ^ *M jajl oLiaII (j^aJjaj ^aUjj jJjiaalj tj^jll 
fjUUI 4a3 jaJI eUall 4jJbu Sic) (jial jaj J] t_jjiJ .La. £JJjj]l i>.^j..i 

.(9-14 <_&^ jLil) 4j^*jll Sjlcj <_>al gux jJ j 

J] (87.6 mil m 3 ) 71000 ac-ft Ji*-» <> JaJj- jjc jj^l Uoi^j 
a Lw CjbLuajl ^ Jal J5L AiJL (160 mil m 3 ) 130000 ac-ft <> j&\ 

jAljll tllSjll ^ (jajJjJ .UjjjJj jUvall oLiaII ^^ic t_llL]l jLojl j t-jjj^all 
(j^^ 4 dhW (-i 1- ^ t^'HM J L!)IaJ (jJaJU 72-ill. o^Ls. ^i^jS c_uj\_j| .La. #.Uij| 
4jLLJI J£b ^lal jaaJI AiLjal ^jIuj .4_}3jaJI oLiaII Aj^aJ oJlc-j (j^aljaJj A II x n\\ 
4^i >>>fl\l Ljj^j^aj Aic (1172 kPa) 170 Psi (j* '-r'J^^ J*-*-" 3 £ J^J^J .4aia!iLa]l 

(>» 4ja jaJI sLuJI 4jjiiu S^lcj JjVnn Oijj .(j^jaJI Aic (27.5 kPa) 4 Psi ^1 

oLaII (j Jc ^LoJC-VI (>a cJ^J <■ «U->II i_S jjL JMa. sLaIL jjg aull J 

m 3 /d) 65 mgd — j oLuJI jAil AjaIjII J jSaiJ SjpLJI aIUJI ^Jij .^jk-J 

j> JJJ-^I S^la-a aUaJI <_£ jia-a .SJjjaSI sUaSI J^aJLail bLuc-l (246025 

4ja oUaJLl CjI jo^aall <A*1\ jIaII o^k^j (j'^l jaVI Jfll 4jljull ^-XaS/l 
.sJj_oaII jJjjljS aLus <_J^A l^Jjlaj 

sjjI^II 1 ^Jj A Saa ^ (jA Li_jjV!i <2>JUtA (_S^a sUa JUAaJ (_33^>aII Jfllm 
oLAa> ^h^'liiiL ^jjj-aJI sUa ^ja LujSj %80 -^JJ' ^ a ^^ A\^. > all 
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BOD 20 mg/1 iSj 2 ^ 1 lauia (_£^>la&j ^Jj^a \;Ur. (j* %20j <Uajiia 

• SS j 

t^auoiajj (_3j3 ^jSjUj tjjjuoSc ^jJaljjj t^jjSoo ^Jjjjj (j-a (jja^ajl U J^"'-' ' " 

a At all jIj^II ^JljV t^j^)-^ 0 ^"j^ ^ ^"ii'ij .^t_j9-13 (J^-^l) aAJl* (j£ *Tn 
^ijlll JIL L_a jjo! Aquurt <aJU-«£j .(0.2 NTU (>» "Oj^-) 

^jJaljjll 4jlaC 4_pjJ^a jj-a -Ijjjj (_).)*■ uHll ajjfl (J^J l_Sjjaij (_g jj^jull 

^, i d^t\I ^jJalill Jjjj .%97 J 80 (JJJ oLi-all <LpjJ^a (jjSj (jl £S jli j . ^ > a£*jt 
(_g jqa ^ Clllj 4jaJj^aioui IaLi<i ^ijjj 4jjjJaC^UI j 4jjjJa*ll t " ll J^^all 

UoA« 15 J jVl 5Jk j-JI .(TOC) 

oj^a (j}3Jj '^JJ^C- J» ^I'lf- 7 ^jic- (J jiajj tiaiLJa c-lc. j 150 £-a (-^ J (J^) 

f^u2M ^ -(18925 m 3 /d) 5 mgd a jJ Jla^V (0.5 m 3 /d/m 2 ) 12 gpd/sq ft 

«Uljjj (CliLaijjaa]! Joiaaal ^iLja] j^a* J J?- J £-° 4jT» "iVnll (jjS AjtuiS/L 

AalLa^yi jli j ^.^tII ^jL-bSfl .cjL^jjja]! <> %99.99 

•6-log ^Ijjj %99.9999 lUI- t^U-jj^ill 

j^.^irtll jl .1 g ilaj (jS»«J V AaSjaJI sLiaJI jia. (j«a jl ^oill Jjia. (j/s 

oUa! lia-V 1 £ ;-s i n l^la (Jiail 4jtil j]| 4a3 j^JI sUaII J^ili oU-a JilijJ 

.Aa=>.jjAjll JaaJI ^51 j-a j tlllSUa JJ^Sll ^^La. 
(j-a (jSc! 4£.UjjI 4jjl*ll oUaII i— b-^ax ^gjc. A laSl ^ all _>?.L=JI t>a (j^ajiJI j] 
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(37 m) 120 ft o±i J-^ 1 C J 1 ^ 2 •' V'^ iA *^ t> s ^ ls^- 

m 3 /day J! 3785 t>) 2.4 mgd j 1 c jl J£ dASlkj (207 m) 690 ft j 

.(9084 
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Water Reuse Association, <http://www.watereuse.org>. 

alo-all jjl \ it <t\\ \-t\\-t\"^ jjh'M (j-a eLfall CljVLaaliuil (j^Luj 4 Sj£ 1-14 
^iVu.m 4jL22j VjJjill aijua sUaII <joUJjJI Cj^LaauLuiVl La 2-14 

?alxaJI JLaaioil a-ilcL &Lia1I 4ac.jj CjUlLla ^£ 3-14 

,jc JjLs jjc. Jl <uu > J SjIcV oUaJ! 4jc jj CLiUlLla jjlfij 4-14 

Aal jVl ^aJUoall j^-aLijJ gr* La ? cA/^ ^ J^J^ J^Lir. La 5-14 

l^al iVliH^ AjsLjaj CllLajlsua (Jj' 1-13 '^J^""^ 

•(<^L>1 ^ 

?LjjjjajllS ^aaaallj ^JjJujjII 4j_aUa-a]l ->j<u (jjl jii La 6-14 

jU-a oLuu Jjjp i— S^^a ahua AyWr <\ Alx^a qa CllLlLu]! LJiuaa 7-14 

t^jljJoll Jojoijjj ^^ill j i ^rsll JjlaliaJlj tL_al jE. jLajJa^i LojjjJj 
«30 ft Ljla J£ jiaS dlUJijA 6 ^aJla-all 4iaa-a] .(J^ojaull j£l>a ^Lal jjJaaJ 
La <8 mg/1 UjJ <Cja.j 4CU ft (jj^Li 5.1 -U^. JjKJI £-a (jj-aj (jia ja. j 
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tS^ iSj (J^LLo t5 C- ' JJ "is J^ oLudl ^F-jj CllUlIaLa j 4jaJU»a (jj^ 8-14 

^ jLiJI (jsjiill (_iLijaijl 'Is^-^jj isj^ Liajl jlA 3 ^ 0' Al£ 9-14 

<Jj.i]l jjS Jjj^aU-J j < jo^jjiill cjljlj j-a 24 mg/1 tmgd 2.3 
b jll cj*^ j .380 lb/ac/yr j 320 lb/ac/yr aj^a jj^ jjlj j^L^Lal 
All jV AjUjJa J^t fjii3 in./ week 4.0 L5 lcSM s^a. JLoai^l cj^-^-o] 

?U Jjjjj jUJI flUall JLaaluTtf AjjlLuJI tllLu jj J^C La .Ajjill ^ 

Jjajull L-iLjaul iSJ^i -Ls^'jj (^J^ LJajl Cy lSJ^ 1 ^jj^ 10-14 
J j . ^U , rt\ l (_>al .^"ul j tjj^jjlill djljli 24 mg/1 «2.3 mgd £JLJI £jLvJI 
j ^1 4jV jll ^-Jaj 2.3 in./mo. g; jkJI J ^kj -400 lb/ac/yr 
5.9 in./ac/mo ^Lj 4jl.ia.ja 4jjjj^j a Saa o ^ ^jjSI jjAjS j»j . JLuiLuiVI cl>V-}*-a] 
t(_3aJjJI <ja «. ja. Ajjij 4JI jl d£<u lij .14 in./mo ^Ajj <Ul.ia.ja <Jiixj]| j^ua Lo£ t 

^UlauJ (-baia.1 ?<UjlkJ CjLajj.i]l JJC La 4 1.0 mgd 10 mg/1 > <UTu 

^.Laball La .<Uj7I J j-i*JI ^uLu C5 Jc </jll ft}^"^ 11-14 

j^aja. i_baiaJ jj jiull ALiLo La j i_sjj^a]l oL-a juul <UjIlxa]l 

•(Jjl dWJ^ 1 <jT* ^ J^ 3 S^J^I lJsLP^' 

^ j ^gjc J^iLuj (^jII <UJU-a]l CjLikLa j <Lc jjJI JAjU-a ^ La 12-14 

La .oJjLaJI jjc. j oJjLall LllLiLlall dllailaj^^aj (jiSLi ?i_kljC. jLajJaxi 
?<LoUll J jl^> jj ijjjJI ;<UjUJI Alkloll Cj| jliicl 

? jJjjSlI SjU-a sLloJI j <LoLa jll oLJ cjl&LUVI yJk La 13-14 
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7-14 <UL*aJ! o-aij Jj^ 





(NTU) 


(mgd) 


N n /I Of) ml 
LSU.I 1UU 1111 


(NTU) 


(mgd) 


280 


15 


21.2 


2 > 


1 


15.3 


4 


1.8 


18.3 


2 > 


1 


15.4 


2> 


1.4 


18.1 


2> 


1 


17.2 


2> 


1.2 


15.4 


2.2 


1.4 


22.3 


2> 


1.2 


15.3 


8 


1.8 


31.5 


2> 


1.3 


15.6 


28 


4 


13.4 



11-14 AJU*aJI (j-aau Jj-ia. 



(in./ac/wk) 


(in./mo)j±jal1 


(in./mo) 


(mgd) Ljj^JI 




0 


2 


4 


3.05 




0 


1.8 


6 


4.5 




0 


2.3 


4 


3.15 


ja 


2.5 


6 


2 


2.46 




3 


8 


1 


2.51 




4 


10 


0 


1.87 




4 


12 


0 


1.76 




4 


12 


0 


1.75 
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4 


12 


o 


1.7 




3 


7 


2 


1.62 




0 


6 


2 


1.64 




0 


3 


3 


2.25 





<aa-oll 4jLaaJ 4_s2 jajl eUall jLJ oLuJI 4j& jj CjLdLia ^ La 14-14 

aLuu jjg Sijj] NRC Jj2 t> ^jjU djLLLu^VI ^ La 15-14 
j jjg ciiLLij ^^-ic ^.lail ^>Uaj n i <Vi 16-14 

^-sLul! l-ilr^l ^jic. ^Lua-VI j jjfl aall LuLu ^juijI .^^1 Jj^aJI ^ 

Ic-jli jjSj > ii (jj_)iall ^ J j"i i n ft (jl (j^ajjal .(jj^aJill llLiLa Aia. .4_uoaj 

<-1sLuj£ jSjJJ V O^Jj t JLajiLoiVI s-iLua oLuu l—kljC. jLajJaxi <_£ JJJ 17-14 
aLw dll aj (j^ ajLj oLudL jjg aall ( ■ iD-mj ti_il j Jjaj ^ oLuJI ^a AjalS 
?4ajJajaJI diL-ajll AiLu^al 4jjj^>jJa3l 4jLaaJI ^^A La .l_l^)jud3! 

AKjll Caxal Uu£ ?sUJI £ ^fl l^lSola ^U^Utj Cjk UuS 18-14 
? jijjJ SjShl JJJ^ 1 SjL^a aLuJI djVLaaU La 19-14 
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(^1 jU <=JUaJI CjUlkLo -Sk^N „) j 

jaJI £>LaJI AjOiu ajl&V <a Wm'rtlt AjJUaJI A^jJ ^ La 21-14 

AIM >hJu Cjlj^l J JSaL *Uaill 22-14 

oAc\ ajjll <ajoiL^ oUaII "SF-jj t— sljlAl liLa! .oLaJI > > J j 

.^jll L_LuaA ^ 1a (-3 (jj<^ laHuLalU ?oLia1I ^\ l^jjait 



16-14 AJLutAil Jj-^ 



(ac-ft/mo) 


(mgd) 




(ac-ft/mo) 


(mgd) 




143.61 


4.19 




0 


6.38 




148.40 


4.09 


lJ 


0 


7.71 




143.61 


3.77 




17.28 


6.03 


ja 


107.71 


3.59 




35.90 


5.32 




0 


3.89 




71.81 


4.95 




0 


4.31 




107.71 


4.13 
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J aid 





acres 






biochemical oxygen demand (5- 


BOD 




degrees Celsius 


°C 


aSAiILi ' .» ^A 


cubic feet per minute 


cfm 


J-. ..",•„„ 


Centimeters 


cm 




cubic feet 


cu ft 




Day 


d 


>s 


Diameter 






dissolved oxygen 


DO 




degrees Fahrenheit 


°p 


CjUya J j^JJ *|jiH 2UuU 


food-to-microorganism ratio 


FIM 




feet per second 






Feet 


ft 




grams 


g 




Gallons 


gal 


. jJIj j jill (jjb jilt 


gallons per capita per day 


gpcd 




gallons per minute 


gpm 




Grains 
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h hr 






Hectare 




ha 






horsepower 




hn 






Inches 










Kilogram 










Kilometer 














kN 




JK,„1 .jlX 


kilopascal 




kP 






Kilowatt 




kW 






Liters 




I 






pounds 




lb 






Meters 




m 




maximum contaminant level 


MCL 






Milliequivalents 










milliequivalents per liter 


meq/1 




parts per million 


ppm >Jio 


milligrams 


Mg 




pounds per 
square inch 


psi 


milligrams 
per liter 

million 


mg/1 




second 


s, sec —IL 

^jJLj ac 


gallons per 
acre per day 


mgad 




specific oxygen 
uptake rate 


sour <ji <jj^ 


million 
gallons per 
day 


mgd 

















square feet 


sqft 


lM 


miles 


mi 




suspended soils 


SS 




million 
gallons 


mil 




trihalomethane 


THM 




minutes 


min 
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125 


Concentric 




126 


Constriction 




127 


Control Console 




128 


Control Orifice 




129 


Corporation Stop 




130 


Corrosivity 


1*1 VI Ll:*t| U - o j .l.U .^.\1C**. c .l 




Counterbalanced 


CI , il C t - a .1 . • M 




Crossover 




133 


Crustacean 




134 


Cryogenic Air Separation 
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135 


Culture 


3 uilj.ll] A JiJl A-y in'lSfl j\ LljjSjll J^jj '■ ullLuLoll 




Culture Media 


I— il JJUml JaLoijI 












(Jjjjlall AiL^ t j^L^ cAx^a-a 




Curb Stop 




140 


Current (Velocity) Meter 


jljj jl L-jLjojl a\cjji j|.lC. 


141 


Cushion Chamber 


A^JijI t flJflaj (J-G j^-oJ 0 Jin's djlj Aj-illijuil OJij^. 


142 


Cyclone Separator 


Ajj j jk. AjJ , ,-ir.l a£j^ jjc ,_Lali J jjli 


143 


Cyst 


^jo! — Ay ujl (j-a-uia o^Lc. (jj^J JJx-usa ' U "JJ^ 

^^ic jjiJJ^il .^JJ^J tiija-ul Ajc. (_)> ^ifl'n 

dil aJlio ji 1 JJJJ^J j ^ JjLik.1 jjc. Jkj ^1 jj 




Data-Logging 


dlLiLullj ClI ika all j ,^ , ,,"1 




Dawning 






Dead-end 




147 


Decantation 


jll jjs t> ^Lkll J5UI ^ :2lsU 




Declining Growth Phase 




~L49~ 


Decomposer 




150 


Deficiency 


*bi ^ 4 4j1I jrLikVI J Ob jLJI jj ^ ^ 




Deflection 


S *MI 1 a , «l '.1 ^ .1 ^ I a , '-I *.l 


152 


Degradation 






Degree Of Compaction 




154 


Dehydration 


l^a^a (_)-alaijj (fl jg all ^jjJaaJI 


155 


Demineralization 


C XaVlj Obj**ill All j 


156 


Deodorizing 


A^jSlI laJjB Alljl 
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157 


Depletion 




158 


Desirability 


^ laJJ (jjll J t>ala-»3! jl Sjlia. 


159 


Destabilize 




160 


Detention Time 


SjI all 1 jjs ta Sii ^jjll Ajisjll Sjjill :Jaliia.VI l>*J 


161 


Dewatering 


dlL_lLaxJ jl (jjiil J jl c-l JfrMj 1 "M'?^.' ftL°l' £ jj 


162 


Dialysis 


j C. 3 aix-all Ajjjill iJjLjjjaJI Jj^aS I^Lic. Jj-a 

lljV-i »-a ^jj jjUSlI JJC J jla_a SJiall dllj jjSfl 


163 


Diastase 


1 — jjjj liil diLsj^jl l-il >Vi eLiiil Jj^j 
Jj LgJ j CjI jjja jjj^II tjl£fi ^jjll Laic, j 




Differential Pressure Gauge 




165 


Diffuser 




166 


Diffusion 


(jltVl JjSjjII AiLia S^Lall JLsjjl ajLoe. : jLioj^l 


167 


Dimer 


jjSjl kLa tjJJjj — (j — a i^) j*- ■^ 3 " 


168 


Dimictic 


l_LjiJI J £Ujll L_jMiWI 4jjLu 


169 


Discharge 


^J^ij t(J}9.iJ '^^A 3 t^jj^-aJ 


170 


Disinfection/Disinfection by 
product ( D/Dbp) 


pjiull AjjjlaJI gjl jjll S i,„< 




Dispense 






Dispersion 




173 


Distillate 




174 


Diverging 


4io 1 , i, jail j| Jx^aVI (j 0 


175 


Doctor Blade 
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176 


Dormant 


( _ 5 Sc. ijA 2 1 <Ga!j L^aljcl (_J^JJ V :Sjii.lA 

4,1 > ill Irt L_fljjla ^ Jaulill 




Dose-Step Method 


o^la^ - Atji Aijjla 




Double Acting 






Double Check Valve 




180 


Double Suction 






Downspouts 






Downstream 




183 


Dragline 




184 


Drain 




185 


Drainage Rate 




186 






187 


Drill Bit 




188 


Drinking Water Equivalent 
Level (DWEL) 




189 


Drip Emitters 




190 


Drip Pan 


^ L^ojJl t_)j i nr. £LjLiII eLall :(_J-o^)]l (_}j-uC. j laSj ul^Q 
o Li-ail A^lla-a Llll.l^.J 


191 


Drive 


ASIj uj t4 11 ^ (Jji_uUjl ^jc tjjj in fill ejaJl 'JJ^-a 




Drive Assembly 


(_Luujii]l ejljl jl (Jjiuooi! Ac j*** -* 




Drive Chain 




194 


Driveways 


2ljc jail jjUJI 


195 


Drop Structure 




196 


Durability 
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197 


Duration 




198 


Dyes 


jl j]| «.LL_bV ^iVt.in SiiiS Ajjj^ac. CAjLjcl 


199 


Dynamic 


^ (S> o- Aj*\Mi «JU t< J^ 






Effective Yield 


^jill JjJjJI 


201 


Effluent 






Ejector 




jm_ 


Elapsed Time 




204 


Elasticity Module 


— 11 aJjaJl — J LA jjIu ^ic. <jj)-a lAjj^a ^sIsua 
AA j*Sj1 4 nmrtil o jail Jl jj j*j ^jVl Aj£ai 




Elastomer 


Ajj^a diLL-^al jMJ £J-oJJ jj^jIjJ : *1 1 _LUa-a 


206 


Electronic Access Devices 


Ajj JJpill J J^J CjI J*-a 


207 


Elimination 


Jcliall JJju: {_£>Li. JJj£ t-jlj 4 K-' 11 '. 1 *jLa 


208 


Elm 


0 J> iuj£ (_g-JJJ jl CjUliil ( _ 5 i JAJJ 4 LI 1^ O^SuJu I jljJJ 

Ajjj 


209 


Emulsion 


LA J — ^.1 Aj3 p jjjj jl (JJIjLuj ^j-o H ; llM"l« 


210 


Enactment 






Encapsulate 




212 


Endogenous growth phase 


La oj^i. JjiaJ aIuAjoj (j-a-^a J**^ JJ^ 


213 


Energy Gradient 


J LaJ ( _ s a ojljaJI jLiail eLajl I^LL £J-^ 


214 


Enforcement 


jl SjjjAia — 11 J La] ^jjjjJ jl (jjjla j^pa^Sj jlijj 


215 


Enumeration 


La a jfcUil jl La jj^a] ^JJt gL*a*J JC 


216 


Environmental Impairment 


4 jjjj*jllj Ajc.1i. 11 4_Ll^ jVI Aj>jjj .Jjj jjAjj 

ojjI jj-all * alia all Ajjj^jJIj 
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217 


Environmental Protection 
Agency (EPA) 




218 


Epilimnion 


A^^^IJ^lA^I^ 






Jaj Lo j <j i . inn i oLto jt ji 




Eutrophic ation 


h«. 1 \\ , .. -.11 --.1 .V \\ - k a .-.*. , .-.It 
(Jjaj 1 Ua i t ■ iajou " — lu^Jt-oJl °J^J 4 7* .J 1 1 1 — 




Excretion 




221 


Exponentially 


LS^^iJ l5*J £ JjLSj 


222 


Exposure 


jl 4 — Jjl_J-aj£ jl 4 — jjLj jj3 ^jjjla] (jlajjtJ j! ( fl uSj 


223 


Extension 










224 


Extrusion 








(jl (j^J^ & L)^ ^ J jjJj-ujJjV' 


225 


Eytosine Thymine 


jjjLal Jjll lI^J l)/v*^ <C^a^oj (jjJ^j^Jlj ^j^jjiiill 

DNA A^jVl jUI jj 


226 


Facility 




227 


Facultative 


t 1 t * >c"t 1 \_ vis -mc _ 1 - 

jl 1 « Jj-i J-"4 f*^^' CS"^ J-^ 4 C£ J-f 1 ^' 

Ig-ia (^g-ic j i --**' Q J (jl (jj^ La (^L^ 




Feasible 




229 


Feast- And-Famine Cycle 




230 


Features 


^J^l ,> UJJj Ij^S U> 


231 


Fecal Oral Route 


J| ;-y,| ^1 , „ „ -^^jJI (_$jljjj| j.jHI 
afrll jl^aJli ^ill V j. ^ij jl jjll (j^i iilii-a]l 


232 


Feeder 


La 0-jLoJ j3 .si j 


233 


Fertilization 


t A^Lu^]| J Sj. :; Ul ji^Vl AiUiL ^jVl Wi 
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J Ifi^Ji^ J LSJ^t J ' ■ '-" ^ 


234 


Filament 


jja 11 j AjjLuII j ill 




Fill And Discharge Basin 




236 


Filter Beds 


; ^ J yj 


237 


Filtrate 


^jju^a (j-oj-ia ejjj* f-Loil 


238 


Finished Water 




239 


Fire Flow 




240 


Firewalls And Router Packet 








diLol-lkj ujVI ( _ s 9 -^aall Ujjc.j ( . u\£joi\ j JjUaII 

oLiaI] S ah A. A\ 




Flagellated 




~2^~ 


Flanged 




244 


Flash Evaporator Chambers 


£jl j — aJI 4 — £0 ^jj ^jjjaJI jjauoll c_ a^jc. 

^J^Jjoj j 1-^ n 1 C LUjjJJ La ^^lia J£-luJ 


245 


Float-Operated Valve 




246 


Flocculation 


(J — j^j dii — ^Unl (Jjia ^ • ft >" 1 j tjj-^jj j-^j 


247 


Floes 


\ g > >i» j £-a £ jJflt-i-a (J^J 


248 


Floes 


J=J\ all* <_ilL A)k 


249 


Flooding 
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4jl_Luii!j tl_S^x^a]l oU-a L-Jjiu'm jl Ls c\ h r\ jl i _ s Jt T lila 
J\ A JJUjiall (JjJal LaJI J e-\ jxx ~1~,„ Jc. 




Flow Meter 


^jl i oLj-a ( ■ \\ u n'll (jAjiLa 


251 


Fluctuation 


1 tl o 0^1 al ^jauLa JJC. Ja J^Aj .3j*_L^a :^a.jlj 


252 


Flume 




253 


Fluorosis 


4j^ajx SJLa. :(jliu.Vl (J^Jfj) jjliSW (jli^VI f -.fl..n 

SjaJij Jlij jJI Jl jL^\j jUuVl Lea jjlS J-LaJ* 
SJjjJa ijioj Sjja] jjiall cjLSjx J jUj 


254 


Flushing 




255 


Fomite 


,,num Cjljjj :2 y^° 

(ji _>a]Ll (.Jj-lxJI 


256 


Food-To-Microorganism 
Ratios F/M 




256 


Force Main 


0^1 C L_lAjljVI Jaat iJa J* I fl a [_^)JJJ -iai* 

Jl C iaij^a J t_Jjjil! oh* jcj^aJ jUa^l »J£f£ 

£>l AO ji^aj jl t jjSlfriumil j-a Igiij] 

4 7. 11 » <ill 4 JJ 4jlgj]lj Iflll 


257 


Forced Vortex 


jjjI 1 > i-. ) Ji^Vl j^-i Ifrcliiil -lie. AtLJI c_ijlic. 


258 


Forced-Air Ventilation 


JIjA jLjJJ "Ucli^a 4JJ$J ^J^-^- 0 *•! JfrJ ^Jjfrj 
— ^ — 








260 


Frequency 


(jj aj a Sjl all ^1 j-sVI JJc JJjj t jIjSj 1 JjI jj 

t> jll S-laJj J>U> ^Liill 


261 


Full-Scale 


^gjcjliall ^j-1 j'° all 1 
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262 


Fuming 


- • 1 ■> «u 




Gaskets 


<j a jl Jal L^all ,jx J 311s. :Z\U\\i* ja. 

(_£^)iJ 4J| jl tilj^. /ill ^jfli L-l^xiiill ^LaJ (^^aj o^La 




Gastrointestinal 


^ja^l! ^Jx^ll jl$aJ 


~265~ 






266 


Gauge 


4jf^^a 4-aj9 (^a i jl 


267 


Gear Reducer 




268 


Genera 




269 


General-Service Compound 
Meter 


t_lSj-a "Laic. <La.li. jljc. 








271 


Gooch 




Gooseneck 


J» J^jj ^iiu JjVI (jjic-j ba 4_L^ij 


272 


Grab Samples 




273 


Grade Line 


JliLall Jjajj Jb, f lcj ^ 


274 


Graduate Pipette 


4 baa a 11 o^jl st-all ^ 3 - laJjjuij el.il <La.^).La *wl ^ ■ ■ 

l£ J — B Jjla-a j»aLa. JfiaJ lllLsJjJj l^jjla. ^^ic JjJaJ 


275 


Granular Activated Carbon 
(GAC) 


500 ^i^j ^jo! ^HaaIi jjjj^i t> ^ j 


276 


Grated Cover 


** 1 -i V . \\ x x 11 • Hi, ^ :■ 1 t • 

^ jl a all dil ao3 CIiIa j3 ( _ s -1c j-J 


277 


Gridiron 
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A-\\\r n\\ till La 


278 


Grinder 


^ il -il j J 5 jjaal SjaiL t4t-,U« 


279 


Grout 




280 


Guide 




281 


Guideline 


aJT (jfl.^ tij^-W 


282 


Gutter 


oLj-all l—SJ^j^aj] (jjjjiall L_ljLa. (_^lc 4 5j , >\ sLiS ll—ll 






£J_il 5 JAiM 5 Jjjh 2 Lax. {Lu^aW <ak. 


283 


Hand wheel 




284 


Handrail 




285 


Hazardous waste 


5 a.j.3 (jjljJJ LS Jc. jia.1 5jajjj Sjlxa. iIiLlij 

_ Ig^l^j^ 


286 


Head 


^liijjl ^ylc. ^jota. (jc. jlJI Ut i ^ — » \t : jlc. 




Headers 


i_ijlk*3l jUI (j^jJ duaJ Ajtij^o tliLi! ji. -i-J i,„tj 




Helical 




289 


Helix 




290 


Helminthes 










291 


Hepatitis 


Jllj LJI f.liiJI l^ilj ^ iilia-a ^j^C. (JjJa J 5i]la-a 

I — i^LaJI t j&aJu jl jl^Ju 


292 


Herbivore 




293 


Heterophobic 


jjiJI „lau ^Ij^JI j jjiJI 3laa! j£ 


294 


Heterotrophic 
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High Pressure Air Burst 


t^il ^ S -1'-C' f"^^- 1 ' 




High Service Pumps 




297 


High-Purity Oxygen 






Hollow 




~299~ 


Homophobic 




300 


Hood 




301 


Hookworm 




302 


Hopper 


4jjLs i cSjaj sluj I^jiS) <J£ill LS x-£ e-icj 
^j^jij] ^^'Vn i " ^]kxJ^\ ©I^jIj (jj > ^ij aJjLui jl 




Horse Power Hp 


Jal j 760 JjLxJj liSja-a SjJal (jaLjLa : A-ljl . .-!*» ojSk 


304 


Hot Plate 


j — jjjtj i4j a J aja j — a 4jjU^£ gjja i aj ol.ll fc^JJa > in (Jjfla 
ill 431^ ^ m»iiI ml u j^-a 


305 


Hot-Air Sterilizing Oven 




306 


Hydrant 


% jU u, ^_jJa ji, Jajj jjiaj jjJJJJ t^frijJ (JJJ^- 4Aj^ 

jjlix^a 4jq'l-» t t _ 5 j-nJJj tAj frliLayi 


307 


Hydrolysis 


±l 4 DLi J eLall £x ^ J ajS (Jclij :pl alaJ 

UjLi. LaA.li.1 ^ju^^a kit 1j 4 J3J h_aJl I — lie, jo-^i ill 


308 


Hydrophilic 


*lal] 1 13 - 




Hydrophobic 




~310~ 


Hydropneumatic 




311 


Hypolimnion 


4 £jj a 'a . U"i a o^la^ll o^jLllI AiLaxJI AiiUI 




Immunize 




313 


Immunofluorescence Assay 
(FA) 


^ > ua 11 (^IIj <riLk ^jj jlilkl : ( _^£-Lla (jltj jLii^-^ 
JJ-^ t^^— l^?-^ 1 cH 3 J*^^ 
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314 


Immunomagnetic Separation 




315 


Impeller 


La J laC.Lja J oijlj ^ihn J jl j^ll (. I^lij 
jl iA — SI (J a jl (JjLui liL^aal ^>^ifl t \ dd jl ua 


316 


Impounded 






Inadvertent 




^18" 


Incineration 




319 


Incubator 


* _ix^allj SjljiJI <Li.jJj (jj-> ' aSVlj jliaVI (j* Ajj-oLLo 


J20_ 


Indicator Organisms 


Jlljlj J Jo <Ulj iJjUjjJaC. 


321 


Indigenous 










323 


Infective 




324 


Infiltration 




325 


Inflow 


> J^j 




Influent 




327 


Ingestion 


t (- N". .VI .1 I \\ \\ \- N. - si • US 

jl pJ-UJifl J I a\ =uji — aJI L^-^ oJiLq ^j-o jIJ^-q 




Inhibiting 


| ; \ a A ~ 1 . - a SI 1 
Cj3t3 jl 4-iLaC. iaJAAJ tOLc-J 


329 


In-Line Mixing 




330 


Inoculation 


jl t^JjjJaC. ^ JUki JJC. (J-aL& J-*.-}] -p^j t ^Jt Lj 


331 


Insecticide 


j|j — all (j — a AjljojI j ACj^ ^ ^j-q o-lLa .^j^ii. Ilia 


331 


Installation 
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332 


Insurance Service Office 
(ISO) 




334 


Intake Capacity 


i.l-.. nil J\ i alaVI Ls lc JjLa SjJS 


335 


Interconnections 




336 


Interest And Stipulated 
Reserves 




337 


Interim Enhanced Surface 
Water Treatment Rule 


5 U, Jl oLuill i'...^ Jl a-^fl. A\ jjjlill 


338 


Interlock 




339 


Intermittence; Intermittency 


.sta *i\ j\ JjLj ^jIi^I ajj1_>*U ^^tl i^-Laj 


340 


Inversely Proportional 




341 


Iodometric Method 


1 jji a^aajoi j sjjLjt-o Aiijla :AjJ jj]| 


342 


Jackson Turbidity Unit (JTU) 




343 


Jar Test 


dilc jjjj dljA^jljjll A£.ji.j pH J 


344 


Jet Nozzle 




345 


Joint 


jl ^jjjjljl ^jjj jl *UI ^ Q±lj£ua (j^l-a l! 1 '~ >q ' 1 \> r-IJ 


46 


Junction 


^ U^J^' ^ t-^ -5^° (j^ -6 ' ^ JalSj 




Keypad 


" ; ; . ^— 


348 


Knife Gate 




349 


Labeling 


j 1 i3jj— N u-^ ^ oj^ >j j 1 ^ : r"-5 
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<jo 0 J i djLajLl»a ^j^J La ^Jaiaj -^J^ i j Uu>L>Ll]lj 










350 


Lagoon 








Laminar 




352 


Land Application 






353 


Landfill 




354 


Landing Brackets 




Clj j£a ^ ,_s jij 4jJa3 Vnin'l j 


355 


Lead Contamination Control 
Act 




356 


Leak Detector 




357 


Lime Slurry 




Jit., gj> t [Ca(OH)2] j^J ^1 j 
*LJj CaO ^1 i) t> gjli 


358 


Limitations 




jLaJJ i . imjj La o^La J laJiml -*J^ 


J59_ 


Line Shaft 


All ^ a£ jaJI JLiijl J yac 


J60_ 


Lipolysis 




362 


Logarithmic Probability 
Paper 




?m»> L3JJ : LS-4jJ li J i ^LaJ^I (JJJ 

^liLlII 4_liLiLa fJk dili diljLu 




Logger 




364 


Looped Or Grid System 




365 


Low Lift Pumps 






Malfunction 


(JjijoU ^aUaj jl All ^5 Jik Cj^aj^a5 


367 


Management Operation And 
Maintenance Program 
(MOM) 












368 


Manholes 




j jll a (jiaj S.lla-a tllljcliil £jl jjjlll 
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369 


Manning Equation 


^.uij^jiil (Jja ("it i ^ij 4_1JJ^}^J 4j^lx-a :£AiLa A^lx-a 

M L^] 1890 pL. jL&\ UjjLj 1867 jKjlc. 


370 


Manometer 


6^1 C- (jj — £j Jjl-wl al^luiL 3— ■ > >i (j^LiLo : jla^jLa 


371 


Manufacturing Tolerance 




372 


Manure 


UJ — ?J J J — $ c>* UJ^ ^iJ*^- '^jji t^-ijj 


373 


Maple 


jjjjjj] ^jjj A-jlLojuill l£j^ol jl -s uJ * L . ^3 
£ J^J^J {Jjl-iaJ'j £JJ*M 
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Master Meters 




375 


Matrix 




376 


Maturation Ponds 




377 


Maximum Average Month 


LS Jau< j" (jJ-aSl 


378 


Maximum Contaminant 
Level Goal (MCLG) 


til jLa] ^ n hr-Sf 1 (_S j*t ' n n\\ <_j.lA 


389 


Maximum Day 




380 


Maximum Geometric Mean 
Concentration Test 


i _ s J^aiVI /-*a^aJI JajjjLa J^-f^ 




Maximum Hourly Flow 


V-Vh -1 M 1 '.Ml 
a Uc ^/ 1 ^x-UaJl i . lUm 


382 


Mean 


^cLJl /-lam j 


383 


Measuring Chamber 


/> tlili (jjil jS oIjI J <Jl (j^ Jji. :(_>»Lia Sj^a. 


384 


Membrane 


i3 ja. 4}M 4ja.jUJI JjAaJI Jlaj AilSj JJLia Iplift 

AjiaJj Ajjli. «J£?^- J jl 




Meningitis 




386 


Mesh 


Jaj ji. jl lid ull j a Ac j'u na o-lLa tJLjc. Siaj2 


387 


Metabolism 
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SA).ia. Jl < . u<.Ji j iSLaJI ljLaLuJ aSLUI jj-bl 


388 


Metal Finishing 




389 


Methemoglobinemia 




390 


Microfiltration MF 


t AikJI JjJIj ^LjjiJI yijV (im (10- 0.05 ) 


391 


Mixed Liquor 




392 


Mixed Liquor Suspended 
Solids (MLSS) 


£j^a-a (Jj^ a ^fl <iLt-a <jL-a .il^a 


393 


Mixed Liquor Volatile 
Suspended Solids (MLVSS) 


£j^a-a (J jla « ^3 ejlala <iLt-a AjL-a jl_j-a 


394 


Mixed Solution 




395 


Modified Proctor Test 


4 alia jjjI jj w-a c_Jla ^J-^ O^J^ ' " 

(_£ j**'*-- A j A^aJaC-VI 4jjlaJ| <a\j^S| JJ-^ jW^ 1 *^ 




Modular 


^^Jj^^j t^_jLa-a { a laJ 3 a 


397 


Modulating Valve 




398 


Module 


^ luJI lu uijj L-lmjj ^Jajqj -LalxJ 4_i^,ViA 

sLsi.ll j 


399 


Mold 




400 


Molting 


4*1 j aJ Jl i^J all a llaJ <jl jja. : tiJJ J ^J^ 3 

Alii. jaL <11 IujoiIj (..ijiUi! 'OJJ^) 
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401 


Moratorium 




J02_ 


Mortar 


La ajLa CjLi jS-a Qli Sji-aU. eALa iJaXa 


_403_ 


Mortuary 




404 


Mottling 




Jjlill AjIIc t_baij ^^Ic. AjjLa. oUal Alia 


405 


Mounding 




506 


Mount 


4JI ^ 4jJai CUJJJ fJC-JuJ ^ 


407 


Municipal Waste Water 
System 










ila caLjU^II UiLu^l aJ 








— jr.! jj! (_>^a»j ^jiijj '(^jji 15 — 5) jJLdl jjc 




Mussel 




ilj .L J (JJji J oAaJLall CIiLjV j]L SjA*JI oLl*JI 

jtJ £ a £ aaJjj j! ^Lai zSjli jaj jlL jjil jS 


















409 


Myocarditis 








V Lai 


ic. ^)lAaJ ^ ■ al a ^LkijJ 4_lLaC. I^^ajLi ^Ajoijj 








£jua Jjj 3 JujaII jl ^ 1 h^tN ^jJalAllI (jj^J 




Nanofiltration 




-a J JC. J. CjLLikj jS jj jj ijla^l J Ja SI 


5_JJj 


t( jj_UI 2L_5lj aJI jj Jla LaL^asI 




Natant 


JjLui ^lIxlj; ^^Ic <LiaUa iijii. ^1 uaj 


412 


National Pollutant Discharge 
Elimination System 
(NPDES) 




413 


National Research Council 
(NRC) 


^jjJajll JjjaJ i_>J^ 


414 


Needed Fire Flow (NFF) 


^jj^jja]| ^Jj^pJI ^La UjLljajl 


415 


Negative Air Pressure 
(Vacuum) Test Prior 
Backfill. 


^ jil JjS olj*]] L? AJI U.^t jLuil 


416 


Nephelometer Turbidity Unit 
(NTU) 








jA^La 





1180 







L5 — Sc. °90 ajj! jj Jj^j ij^y-^ <— i^LSj t-ySa A^ja 






^ 4 QuSxiall f j. ~\\ AjuSj CllljjaJ A_lo£ 






L^jjSj 1 g K >, J| j a , y.| ,i •.>,!< il J| i - il * ■ j~ \\ \r-. 






.SjjJall 1 g ■ n*Sr. Jl j 












L-iJlla JjVl J jWj^ <».lai^J ilij*. (JjS jjSI 






Ig-jjS Jjijja lA^jliiaJ ^l^ail 4 la SI ^j-a 0 S ^ * £a 


417 


Nessler tubes 


(jjl — jll SJjjjVI J (J-^ajJ 'Aj jliail £a. J^S j»AaIuUj 
■ 1 *t u • " 1 * 1 * • 1 y\ I! i- I! 

^jjl aj aj 1-lia. ^ J- 0 - 3 j uk_juja.l -}I^)a1! 4_hxJl 

SAJa-. CtfjU- (.IjiluiU JyS Jill Lhttjj 






j« a U ijjji Aja. jl ajSLJI 3 ^ uil fr lill : iuaj 


418 


Neutralization 


tAja uill Auajj Ijjljjj ' AjSJ 'iJ-o AiLiL J jla - 

^ sjL Aal^L Jji~ ^jB ^ a^U 


419 


Nitrification 


A—jjlaJI till Jaj^ll j Lu j*Vl d>l?a Jjjaj :Aj Jij 

dujij j Cjljjj Jl jJa.jjli Jc 


420 


Node 


1*1. j i^l Wa ^122 ^ J aJ^ 


421 


No-Observed-Adverse-Effect 
Level NOAEL 










_423_ 


Not-For- Profit 




424 


Nozzle 


j»SaJJ ^jia ja. jl Ajlgj J All^a AajS : jL jj 

«.l jA jl jlc. jl (JjLui ' Ojil 




Nursery 


IgJt-Uj (JjV*llj (Jjljill jl^cl A-lS jail ^Ki ; J* .* ^ 


426 


O&M 


Aj\u (Jjt uoSI 




Objectionable 




428 


Obligate 


L-ia.1 jJ '^^a-aj ^j^aj^jio J^ja. SaAJJ f*^>^ 


429 


Occupational Safety And 
Health Administration 
(OSHA) 


Ajj^ J A^j-oil j jLaVI sjbl 
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430 


Office High-Rises 


. ( ■ £ 1 j J K'u,\ ^j^jLJ 


431 


Oligotrophic 






On-Line 


c£ J J* : 


433 


Oocyst 










435 


Ordinances 




436 


Orifice 


^SaJ H jl Li i a SI ■ a .laaj UjJC. j^jj <UI 

<S^I JjT m*11 


437 


Osteoporoses 


^^^L^l^ 




Outfall Sewer 




439 


Overdraft 


4_jjI^qJ1 Aj ^cawjj Lo (jJjSJ Ajaj^JI ou-ail jjLi. L-lajoi 




Overfertilization 


AjjoII ^Ui^l jjSJ jj o- 3 J 1 ^ V'""" 


^41~ 


Overflow 




442 


Oxidation Reduction 
Potential (ORP) 


-1 *. c .l . C v ^ a • 1 VI - \ CVt • c 
(J — 0 J-" ls-^J*^ (JJ 3 "& • -Jr OJ^ 




Oxygen Depletion 


j.^ , XNfl , .)jy,,„| 


444 


Oxygenation 






Packed -Tower Decarbonator 




_446_ 


Packing 




447 


Paddle 


SI . S . -.11 • I 1 a l c .t 11 _sl . -.t , «l n 




Paralytic 




449 


Parameter 




450 


Parshall Flume 


j! l_ajj^a SI oL* l—lljm'll 4c^jai l_lLutiJ oliS j! (J-lji 
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oUx jl A ■> 11 ■» <i A <\ t j J a £jliJI ijaill 


451 


Pasteurization 


iiij 30 SAa! "63 ojlj^- 1 . 'j^** M -'°** ojiuij 
"a^jaA cA^y^A Jul i-jalS. 




Peak Hourly Rate 




453 


Peak Pumpage 




454 


Pelletization 




455 


Penetrometer 


<jJ ji j S^Lo ojLi^ (JjAjSI Shi :<j1j3a>VI 




Peristaltic Pumps 




457 


Permeablility 




457 


Pervious 




458 


Petresciblity 




459 


Photoamplyfler 




460 


Photoelectric Colorimeter 


A ,~\ '"\ Aa\\ 1 1 -.1 


461 


Pili of Hair Cells 






Pilot Studies 




463 


Pint 




464 


Pipette Container 




465 


Pitot Gauge 


(JjIj^jJI L_ll_Luij| ACjjai (JjjLjil jlg-^- :ClljllJ (JjjjIs 

^JJ 4u» :) Ajcli^-Jj 4i.nU iLa-jVl ■■ «'"-=- - 
JjS ^ j'jia ^ jjit (jjill ^ ^JJJJJ (_sJ-^ jail 

. (jjjc ^jjIjII jjill ^^jjjta 
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466 


Pitting 




467 


Plain Sedimentation 




468 


Plan View 




469 


Planktonic 


qc SjIjc ^ j (^jjjSjXJI) CjlikJI Jl :A5k^ 


470 


Plaque 




471 


Plaque Forming Unit 


Cll lijaJ xJ (_>ul jLo :^ljIL^i 11 *i "i oJ^j 

a.1 j ^ a jljLL^i JjSjiS ^^ic. S jjlill CjLj jjjillS 


472 


Plate-And-Frame Filter Press 


j — & ^ uu^yiil I^A ft > <-\\ IjUaVlj A^ji^aSI ^joi^yi 

\l i SI dllclL^a SI ^ (JJ^JtSI ^ijijjl] ioja^iil 

telj^^il AlSjJ Cjl >Vii <_^J ttjj^-^"^! .ll^aj A-Jjl^illj 
(JjLJI (j^i ^l-imSI o.ia.1 jl AiK (jiaii.VI JLAjijjll jAj 






; — 










Plug Flow 






Plug Valve 




477 


Plumbing Stack 






Plunger 




479 


Polishing Pond 




480 


Poly Vinyl Chloride PVC 


s.1 C ..11 . v. \C I.-..S . •. \\ a \\ 


481 


PolyEthelyne PE 
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482 


Poplar 




483 


Porosity 




484 


Positive-Displacement Water 
Meter 




485 


Powdered Activated Carbon 
PAC 


Lai — lall ^jLaj ^5 (Jgj^ >»i.a :Jajidl<Jl (jjJ^il (J$J)^* 

^nn 5 ii<r. ^ •. l ^i u u • . c\\ • •> i 

JUU l^^i is^J^ ^-lL*-all jjJjiJl ^j-a 

£J J* JO* 


_486_ 


Prechlorination 


^ » Jjfl' 


_4ST_ 


Precipitate 




488 


Predator Prey 


U -\ *-.-. ,-.1: c .ltl 11 >A . 11 11 


_4S9_ 


Premature 




_490_ 


Preparation Utensils 




491 


Presence -Absence Technique 


iLjfc Jj^j i^i> Sita- j|.tet* 


J92_ 


Pressure Gauge 


bit i jj-ul-iil c_ilj.il .1—1 , aJ| ( jjijLa 


_493_ 


Pressure tight 


t cJjLc- ' la* i all ^jI— 


494 


Pressure Vacuum Breaker 


11 j=* 1 11 1 11 *t vt i * ** "Kt . 1 • • M • I 1 U 




Progressing Cavity Pumps 






Progressive 






Propelling 


1 vi ii , N i vi ii -is 








499 


Proteolysis 




500 


Psychoda 




501 


Pump Bowl 





1185 



502 


Pumper 


QA La jli. jl e-lj^JI J\ eLall jcjJaJ j»ji!J olj I^LkjJa 
^kl LJjiii'u ^ya jl (jl^-a 


503 


Pumping 


SI uj^ajoiia (jx (Jjl^ull ' ' a ^J^ r " -^cjJa 


504 


Pumping Capacity 






Pumping Test 


A&Loi 72 j^-al Lj* C-Lall ^tjJa I^tjJa *Ll^aJ 
^ c-Lail ^jLutlmll i_1 jjqilall Ja jjA AjSI j^ij i_s3 jj 




Pumps Peristaltic 


^UUI ^31 ^ 


~507~ 


Pumps Pneumatic Ejector 


4j jlill AjjjaLill dil i >tr\\ 


508 


Punch Card 


a a-ajJ j^*-" s-y^j^ tJP j diLaLLj :<LiiLa asLLj 

A^aj^ill i Lmt 11 


509 


Purification 


^12 jUI J lj2I_^I a1\ jl -.aAZ 


510 


Quanti-Tray 


J jS Lijijj : ijij'yi i-^Lujl js 


511 


Quarantine 


AUniftll LlAjl JJ^JI jl t_^al uVl jL^J^J l^i ^^Ji. 

4_La ^aA ^j-a i"mMI ( _pa^Aj ^jjLl^sLj 


512 


Radical 


^ — ^ J— ^ J jjj' ■"'«"- t>i jj^o : JJ^?- 
jftl <> Ij*. UjjSlI 


513 


Rainfall Duration 


(_JJ L-a]l Jj Ufl II jlj^Jjjl £.La I^jia^ll Jjla^ll SXo 

CjIcLuJU Lille, j (jjla-ilL ^lij j 


514 


Rainfall Intensity 


4(_£J — kali Jj — kjll S jljc. ^jkj Jjkjll AiliiS 


515 


Raking Assembly 


A -y \\ t t 11 ba ^ (Jl-»J3 j^j-xs t ■ bail J^ji] 


516 


Rammers 
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Rational method 


— - ^> 


518 


Reagents 




519 


Recessed End 


L_njljl A^jni Alj^*-a 


520 


Reciprocating Pumps 




521 


Recirculation And Transfer 
Pumps 




522 


Reclamation 


S j^jiui a jjial jl — !J Jjj (jial jl JjjaJj i .Vt.nl 

Licljj 


523 


Recovery 


jjia dl^ljJaa ^ya aAlio ^1 ^Ijjluil Aiuij :Aj.3jJ^a 


524 


Recycling 




525 


Reduced-Pressure-Principle 
Device 




526 


Reference Dose RFD 


'ijLo ^j* a! j ;'° ail (_j j' gill Ac j^JI :Aj»^._^i1I Ac j^JI 
ejl c. A c-jaJI J-i ijj '^ill JJC - ■ na 11 (Ji.Jj Ajxjj 


527 


Refractory 


SjljaJI lilSilll jl jjtMI Alii jje. :a1^ic 

dllcl SI 3 A , A±.j ' ■ all jljil - laJjuii 

^ \ -l ti m 1 - 1 ' ; 1 • ■, -li 
AJjLxil ^1 ^oaII AcLl^s tAjij^jLiJl 


528 


Refrigerant 


- V "11 Ms V X ' - ** A C \ C -\ • - I * \\ 

j jc Aj^jjliil i a^a UaJ AjjLoj^ Jl^a It iI^^jaaII 




Refuse Piles 


diLilii]! ^Ij^l 


530 


Regulated Limit 


jjjl jail j lIiIxjj i*ML S 1 la cl\j i jLall J j^aJI 


J53J_ 


Regulation 


^j^l jij t^Jal jl i CllljtJ^JjalJ t.lcl jij 


J32_ 


Regulatory 




533 


Rehabilitate 


1 jjbl ( _ s !J Lg-g-jl ii Lo jl sLila ojlcj : JjaIj SjLcJ 


534 


Rejected Water 


c*E}l$Jxi£U ALU JJC oijlia oLl-a 


535 


Release 




536 


Relief Valve 
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537 


Reproduction 


jlj Sjj cLj i SI Ujjc. ^ jii CjULsc : jj i 


538 


Reservoir 


A\A »>i — oj t i » Aiila ^j-a U J^ -0 cs^-* 6 tj^ 3 J-^- 


539 


Residence Time 


jl l_Sjj^a SI aUa 4jS Jjj ^jill (>ajSI : ill jS-all 

dlj a. j (j a J J a-a ^ 2 J (Jjla-a j! SLaaJI 


540 


Resilient 


SjL-J t-jll Jl SJjJI :<>U~ 


541 


Restrained Joint 




542 


Retention Time 


jl (_ij^ail oLi-a <U2 Jjj (_^iSI t>ljll : jLiia^l 

dlj a.j j a a-a ^jj 3 J (Jjla-a jt SLaaJI 


543 


Revenue Bonds 


cjLj^l jl cjLjLSI Uja^ djljiu, :j2Ij«1I CjI^ 

dlLaJ — is. — al^a lIiI-I^L 4jJa jLa AjSaI i " ll umi^a jl 


544 


Reverse Osmosis RO 


Jai ^ <JjaJ J^aJ LSUa ajiS SjLSj ^ih^tSI i i-J "nSI 

Jy£jj (J jli-a diLjjjVl Jliijl <Ua. ^jj Jlc. 

j j ij {.Lie. yc. JLc. jjSjJ <_ji J jia-a JJ (_paiLia 

4jS-."l llAjLaC. J (jUaj Jc. ^Jijjjjj tLafrL 

alwall 


545 


Reynolds Number Re 


lij ^alijJ LS 3 ^iVt.nJ 6J^.lj -SJC. :jjijilj JJC. 

LJiiii jjS aJaaxaj tAjli.ljll (_j jill (jc. jju'iSS Jjl jjJI 

4 lajS tjjSj JjlSjll t-jUuiiVI Ja i L-lLuaj^l laLajl 

J j a.j £ a L-ljl-ii n all ^jLuaJ^I J Lai ij^aikla 


546 


Ridge -And-Furrow method 


JjjUVl j jjlall 


547 


Rinse 




548 


Rollers 
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549 


Rotating Table 


tjji ^ 


550 


Rotavirus 




551 


Rotifer 


^ jjai) r 0.5 J\ 0.1 j^U -Ojli CJ I J* 
^j-JI Ail _bl UU Lulit Ij^ix JLoj t JjiJI t,Li*]1 

Ajjill ^ 


552 


Roughness Coefficient 


0.020 (j — !j t^-W-j jla-J 0.010 (> aIojS ^ jl Jjj 




Rubber Ring Gasket 


1 • \l t -il .1 Ml ic v 5 .1 \ 1 ^ /;t - 


554 


Run 




555 


Runoff 




556 


Runtime 




557 


Rye 




558 


Safe Drinking Water Act 
SDWA 




559 


Saline 




560 


Sampling 




561 


Sanitation Districts Of Los 
Angeles County 




562 


Saturation zone 


^Ja ftll jl i^^l ^j"" c-LalU at jLs-a ^Luia]! 
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563 


Scale -Forming Water 




564 


Scavenger 






Scouring Velocity 






Scrape 






Screen 






Screw Cap 




569 


Screw Press 






Screw Pump 




571 


Scroll 




572 


Scrubber 


(J — j]La*-o jl c.1 all l^jAii — J jl^. : jlitil (JjoiC. jlg^. 


573 


Scum 


Jjl^ J 


574 


Seawater Intrusion 




575 


Seeded 


^aJ J tl ill*. (_£^2kJ LllLiill Aj-llljJ 4_nj :^jjpijd-a 


576 


Seepage 


a . \ a . • A* A ■ 1 f .1 1 ***. 1 \ , . 




Self- Priming Pumps 


,~ NSVI a r.W , -.1 * • 


^78~ 


Self- Propelled Transport 




579 


Semi permeable 




580 


Sensor 




581 


Sept 
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582 


Septic Tank 




583 


Septic Tank Drainage Field 


4 j3 ^aaJb (^Ul £3 jA\ :^Ja i all J^aJl LJj^a JSa. 


584 


Septum 


4 SllLaj t Jijj — J>^ (j^- 6 (J' '"""J C- : 3^^" * ^ J ^' 


585 


Serological 


(Jt^al ^ >^ij-s (_)^a-fll! jl 4_Lai*J! 4_ujl^pll :^L-a^ 


586 


Settling 


Ji uiVl J) AjlioJI jl ajL^JI jI jJI JL^iil :i_n,nji 




Sewer Ordinance 




588 


Sewers 


!l si J ail o^J 5 ^' *— 1 *J SJ™ : JJjW-° 


589 


Shaft 


4j£j* jl AJT ^ J j^xll 4j| J Unit tt*lja-all Jj j*C 


590 


Sheath 


^J-JiS lajaj 4jaJ AauuiiVl j^a Ajjj (Jjc 


591 


Shell 


^lij SI <d i^j^-j (j\ jJiJ i.il^iil c jaJI js 






0.1*. j <Ja.Jj ejLo (3* 'ijJjS Aj-aS :A-oAj^i lIlV j^i. 


592 


Shock Loads 




593 


Short-Circuiting 


Sl^iia kiS N <.=;,„ Alaijl eLul 


594 


Shredder 


i Sjji l^i £ Li ( _ s Sj SjLa ^ jU^ii p jSi 5JI :Si!ijll 

AjfljjJI (jjjUjJI c_Oul ^ L^jLqI Loll A-ujjl j 


595 


Shutoff head 


Ui-jjij jl jUi i^iiiyi jk 


596 


Sight well 
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597 


Sill cock 


— aJ <L — u,j a — js — 2j jjjIi n jji'ii a 


598 


Single-acing sequence valve 


Ajiclill ^J-iUJ ^ I ill n") ^Lu^a 








599 


Siphon 




600 


Skid 


i - >t w a 


601 


Skim 


4 JjS jl U i nil (jjjS (jV jjl 'iljll jl 0 jC-jf <il jj 


602 


Slag 




603 


Slaker Slake 






Sleeves 




~607 






606 


Slope 






Sloughed 


3 1 ^ ..'.1 -1 '.a \ .'. t "1 


608 


Sludge Bulking 




_609_ 


- S1Un7 


^IjiJI JjSj t Ja^U <Ujj 


610 


Soil Moisture 




611 


Solenoid 


j^jj j] ^1 <i, 


612 


Solid Bowl 




613 


Solvent 
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Somatic 






S palling 


1 Ml a*. 1;-. la 11 V 


617 


Spargers 




618 


Specific Retention 


o j •>"'">■ ^ o^Lall 4_x_nlaJ (jjijtAj ig^J* 


619 


Specific Substrate 






S pectrophotometer 


^fl £jjJa]| LjjUl (j^LLa 

ji J ujaII C-J-^- 3 — ^ 4 * .-"il "S 1j L_iliail (ja AW a £ j?- 

La o^La ^j-a (^nj-all 




Spillage 




622 


Spiral Wound Module 




623 


Split-Coupling 




624 


Splitter Box 


jl Jjl uj 4 — J3 Ji.A_J (j* £ ja. t^JJjJ (JjAl^a 

a .,- ;\1 .-.1.1. :M1 • N • . I I 
Ajcjail ujULijuaJ}M j-a AAc. p jjj ( Ua Jjla-a 


625 


Sporozoite 


ujjI jjj jAjuj — 11 el — .1*. 4 — ih*. ^_ya Jj-b .4_iCjJ c-U^-I 




Spreader 


^l!la al * ■ oil £ La SjLa j.Vtl o| j 




Spring-Loaded Check Valve 


_^>^f^ 




Sprocket 






Stabilization Stabilizing 


A,Jj« iJJZJ 




Stacking 




631 


Stage 


jjJa teASx-a 4-lfLljl^a el.ll (j-a jj-^aJC 




Staggering 


,f ( ■ t- t tl A 1 •;** 1 S 
A^j-a jJC j^l / gJC- (J-<udl j-aJj-LiA t*Ja3j-a c-|Al 


~63T 


Staining 


| ^ • ( J_ 1 ^_ ia jj l& jj-Lal! «UlUa1 S^La (JJjij 


634 


Stainless Steel Closure Slip 
On 


^ ^jS L^jiJ ^A^all JjUfl JJC. iVjill c-UaC. 


635 


Stand Pipes 


4j] jSUi J 5_«jl3 1 , u j i1 


636 


Standard Coliform Counts 
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_6T7_ 


Standards Of Water Works 




638 


State Of California Regional 
Water Quality Control Board 
(RWQCB) 




_639_ 


State Regulatory Agency 




_640_ 


Static Level 




671 


Static -Renewal Tests 






Stationary Phase 


^ JjL 








644 


Stator Baffles 




645 


Statute 












Stickleback 


1 W tl 1 A tl 1 „ ti a * V 1- ^11 *1 


647 


Stilling Well 




648 


Stock And Sod Farms 










649 


Stoichiometry 


- 1 C 11 1 1 * tl 1 -5 -11 -.1* • 11 

°^!^7 




Stop Gate 






Storm Runoff 






Strainer 






Strands 


JWj& "^Z 


654 


Stringy 




655 


Stripping 


Al\ L^la t-ll £-a^J (j-a S-lLa 


656 


Strom Drain 




657 


Surface Water Treatment 
Rule 




658 


Surfactant 
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Surging 




660 


Surveillance 




661 


Susceptibility 




662 


Suspended Propeller 




663 


Sycamore 




664 


Symbiotic Cycle 


^Axij CjIaKII jjc. l^ji (jijUli 51k. :4j1sI£j Sik. 


665 


Synthetic Organic 
Compounds (SOCS) 


4_lC.Lu^a]l 4_ljjJaxJI <Lul_Laj£]l ^1j-a]l 










Tapping 








T <— ij^ J< IgJ i ' "1 )1 i . i aj 




Teratgenic 






Tetanus Toxoid Injections. 




671 


Texture 




_672_ 


Threading Tool 




_673_ 


Three Way Valve 


-.11 11 1 - 1 -11 *: 1 
( lljboiAjl jl i 1U3U 1' ^-^-i - 1 a 


674 


Threshold 






Throttling Valve 




675 


Thrust 




676 


Tilling 




677 


Time Delay 


, .It. f S. , , . 1 ■ . -U . ■ 


678 


Time Zero 




679 


Titration 
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Li _j jji^ J ^La jjL t j jlkVl j oLJll 




Tongue-And-Groove 


LagJ l^jj jJ^itjl iJJ^I AjJaS Jj.li.lj 5Jl 

— ^ ^ ^ — 


681 


Torque 




682 


Total Coliforn Rule 


a^kji ou ji jail (jjiii 






jjjSj <Uj,,t^ rtll ^jj^j^njl A_J-a^ '(^-"' Cj'-H^ U^J^ 1 






A mil ^ 1c 4J _lc ^jSJ ^1 j J4j£ ^JUIl <LjL 


683 


Total Kjeldahl Nitrogen 
(TKN) 






^jj^jjjjll t-jL 1 ^^'Vnj tUjj-al ^ jjljj-aVI 
(j^ aa. uAj 4 n?\Jl SjjU^ 4 , ,il jj ( _ s K]| 


684 


Total Maximum Daily Load 
(TMDL) 




685 


Totalizer 




686 


Transducer 




687 


Trash Rack Rake 


1 k • k\ 1 .U ,-.1 .U-.M 
LAjjii lie. i—iuLaill 


688 


Travel Time 


4 kail ^j-o jjiilli o-iLaJ ^^)*Jj»liaJ1 (_><ijjl . Jj^oJI (_>*J 


689 


Travelling Rake 






Travelling Screens 


• T M • 1C ■ t" - 1 1 t IS «t - M • 


691 


Treatment Technology (TT) 


^LaJU-all aAjoC j^aJV Ajulall u&l| <LaJl*-o 4_u£j 


692 


Trespassing 


• 1 •• \ A C\ 1 4t1 **.*!.' 1 •? i\\ ".it 

Zi. jjLau jl <ALi A^j^*. c^JL^jjI : jjLaj ttdilg-u) 


693 


Trickling Filtration 
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694 


Trim 






Trophozite 




696 


Trunk Sewer 




697 


Tuberculation 


" — — ^ jL ^ — 


698 


Turbidity 


r 0.002 J _^ UjlJ c jl 


699 


Turbine Pumps 




700 


Turnover Time 




701 


Ultrafiltration (UF) 


dj — 4 — jjliUjl ^Llujp AjLaC- :^j^)£j-a ^f^J^ 
dLaji^o ^1 1-s"liiiU jL (10) 1 (J^aJ Ajllt JajijJa 




Ultrasonic 




703 


Under drain 


^ ^ ^ ~> 


^704_ 


Underfed 




705 


Unidirectional 


±P>J 6 ^ fj^J 




Upgrading 




707 


Upstream 


^jll ^ lla '^M - ^ LS"^" 2 ^ 




Uptake 




709 


US Weather Bureau 




710 


Utility 






Vacuum 




712 


Valve Altitude 




713 


Valve Blow Off 





1197 





Valve Controlled Check 







Valve Diaphragm 






Valve Gate 






Valve Globe 






Valve Pilot 


4^.^a J i> ^ 




Valve Rotary 






v aive onuiori 


^ f U^ 




Valve Sleeve 






Valve Sphere 







Valve Stop 






Valve Surge Relief 


^^^7 


725 


Valve Swing 






Valve Vertical Lift Disk 




^727~ 


Valving 




728 


Vaporization 


t__J — ^ J_>ia jl L$LkJi J^ala S^Lall (Jj^aJj : ^la JLJ 


729 


Vectors 




730 


Vee Screen 


V 




Velocity Loss Coefficient 


A r- j ft -ill ^3 (J-aUt-a 




Vent Fittings 






Vertical Turbine Pumps 




734 


Viability 


nWill <Alli t jVlllj oLlsJI 4_lLll 




Visualizing 




^736~ 


Vitrified Clay 




737 


Volatile Fatty Acid (VFA) 


6 (j — « <1uAuj ^^2kJ tjs-iA'* ' jLila f-"J^ /j>i.o's 


738 


Volatility 




739 


Volatilization 





1198 



740 


Volute 




741 


Vortex 




742 


Vulnerability 


(_s-^J^- ^jLjja jjjAj jjtii] AjLlall 


743 


Water hammer 


t-lh.n iVI jLaJ A , all jl ,%n :4jjLa Aijla* 
J o.^i jiLil t.iimi atai <uL>jl jjjiu J lJS jjJI ^jlc. 


744 


Water head 


^^Ic ^La J j^- j (j^ -^j^l . ;JI :&La]| jlc 
<jJj" ^Ltj jl 


745 


Water Pollution Control Act 


©LiJI dijij *Lisl j-a ^j^uij 


JA6_ 


Water- Supply Management 


eLalLi jj^aall ojl.il 


_T4T_ 


Water tight 


oLvall J jlc. 


748 


Water Utility 


diLJUillj (jjUiall • - ^1 AiiiJI 




Waterborne 


eLolU (J jlLa 




Water-Demand Management 


1 . \\ \ .1 Ml •• 1 \1 


751 


Watershed 


4 \ i ill j *i (JjlaLLo ^ ^oaJj] 


752 


Watertable 




753 


Waterworks 


ol jJI JL-a jj (j^tj fjSJ <Lalc oLiia :<jjLo SLiia 


754 




*1 Jl LS it 4jcI jjll Ju,-iU Jl (__^ljj SjLja 4 i.V. 

Lai 4jjCj]l (jjjalLall Lai 4ft _OiJallj LjLuiJIj 


755 


Weir 


-Ij^a J ^jil Jl A iaa « ljjl.la.j (j^i ^ Aui 


756 


Well Pumps 


( _ 5 1J el — J-all t 1^ i n\ J-ull ^ £-uiajJ :4jj1j OlauJa* 

4>Vl 


757 


Wet- Weather Design Flow 


t_Jaj]l ^liall ^ 1 i 4-lLuajl 



1199 



758 


Wheelbarrows 




759 


Whole Effluent Toxicity 
(Wet) 


2 ,K« ail Ju^, 




w mow 






^Vire Attachment 






^Vire Fabric 






^Vire Inoculating Loop 







^Vorkmanship 


o^)lg-o 4x.l^)J ^a*JI O^J^ 


765 


Wound 






Wrap 


> ilj ' ^ 3a»J i^ jlal 




Yield Stress 




768 


Zero Kinetics 


X* L_jj3 jjSj ^1 SJUJI : jsi ■ . iaSjjII AjSj^- 


769 


Zirconium Dye Lake 





1200 



Specific Retention 




1 


Chemical Oxygen Demand 
(COD) 




2 


Biochemical Oxygen Demand 
(BOD) 




3 








Jar Test 


1 & j j r "aj, ^ N 0 \_Laj ©Llo]I SsL J 4_l]liLill 

tlllc. J (Jill JJ-aj] Jill <lc.J^.J pH J ^SaJill 


5 


Negative Air Pressure 
(Vacuum) Test Prior Backfill. 


^ J JjS ^Ij^il L J>J\ Jai^l jLlkl 


6 










^ *^"\ J\ 4 jjjll a ^UcVI aafXti jj^aj] a t ;a" t j^\i 










Modified Proctor Test 


^aljj ajjlJa JJjljJ ^jLlx-a L_llls ^ L) -3 ^ L " V*^ 
la-all j A_L^.Vl 4_M AiUlSlI jjJSj jUiVI 


7 


Immunofluorescence Assay 
(FA) 




8 






Maximum Geometric Mean 
Concentration Test 


^gO-oS^I fyA^^II ia^j jla jLlliU 


9 
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Static-Renewal Tests 




10 


Facultative 


j\ \ « jjj qa jiiSL |»US1I LS \c jii 

Ljia j Jc J i .Vl'l; (j! (jjJ La (jLa. ixaj 


11 


Infiltration 


>T J^j Jl j 


12 


Valve Altitude 




13 


Dawning 




14 


Land Application 


£ a klaJ jl (jjjll jjc. (jijVl J tllLUjll j>l laJlml 


15 


Metal Finishing 


lllL> J J 1 j jU-a]l Jo J j. ■ — » — » \^ : j jU-a]l (j^UJLJ 


16 


Reclamation 


ijxZi^ c, ^1 J ^ — IJ jjj (j^ljl Jjjaj I^L^U 


17 


Culture 




18 


Oxygen Depletion 




19 


Elimination 


— j j — jo jL-aj^ tjl i nTi » ill jl JL jja (Jl i rVn » ij 

jjc-lalll J^Li. jjjS ji. tllli ^Jajjoij 'ijLa 


20 


Composite Sampling 


jjj — ^ajl] A q\"l-*» o ^Sl^a (J-a AjjC £-a^- ■ 4-^^° (JjLjJE-1 
1 (j Lkj jljJI SjLall Jj_bsi JjlaJ 


21 


Sampling 


lg_La ijjii.1 J]| ojLal] 4 fl <m j j\i . ,-i <Lva£ ii.1 IjLutl 


22 


Seawater Intrusion 


JxU. SjaJLall jajll aLta J jiJ : jajll sLta ^ UjSI 
l^x^i (jjLaJ Jc. jLa 


23 


Diverging 






Under drain 


(ji j ( _ s _3 4 . <v>*l j cLall ^L£jl : J^mll ^LijjVI 

j^ijJI LJij jj^j- 


25 


Diffusion 


JoSfl j£ Jill AlLla (> S-sLall Jliiil : jLSliVI 


26 
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JSVI j£ Jill Ailnia J\ 




Maximum Hourly Flow 




27 


Eytosine Thymine 


q[ — J^_J ^jUjjJa — C ^jl — P^J dy ^J-^/^l 

l jlja\ ±ll\ tJijaJ t_]jni\l Ac rtj ^j^oj^ilj ^jj^jjiill 

DNA (J^aaJ AxjjVl tljlj jUI .iaj 


28 


Clam 


eLfall (3-°.J p* 1 ' «3 lA?*^ (* l-^ ^-a 0.1 ^j- 0 ^^^4' 
<Ia i all AjjaJ 


29 


Poly Vinyl Chloride PVC 


o — a uj — ^ i^j^ — c j^^j^ dAs* Jj^' 
ijLuj^jjjjllj ajjjK cJ^ 3 ^j^^^H A^Jla-a 


30 


Compliance 


jjjIxxILj A-aJaUll djLxjj^oll j jjjl jallj Jljlal : aljpll 
Ia jjL^J ^>JC j o^^-all dljljll dlU Jj i n 


31 


O&M 


Ajlji j (Jjiuaull 


32 


Shredder 


jjjjl j t ejj i ^ ^Jaa Si_a £_}Ui\\ ^jaj All :Ai!lill 
AjSjjII jll ^ IgjLal ia>U 


33 


Reverse Osmosis RO 


i draJj J^xJ oe. jiS Ajlii 1^ instil jcj^alUll 
^3 (Jjla-a ^a dlljjj*^! (Jlijjl Ajakj-aJ ^jj (Jlc 
ij ij «.Lic. jjc (Jlc. JJ^JJ Jjla-a q aia ') n 

oUall 


34 


Meningitis 


l.U.J) ljI^jII 


35 


Myocarditis 




36 


Hepatitis 


lAu aj (J^^) — dj -lal all 4-1 (jia^a : ^j£JI i . ll gMI 

till j Lall eliill IgjjJ ^ 5iiii_a (^J^C (J_>laj 5iiii_a 

ill jLall jiiaJlj jl jl jjIL 


37 


Reference Dose RFD 


ojl a (jx AljjLall j i ail) AcjaJI :Ajx^.^all AcjaJI 

ajl c. A cjaJI jj ij j t^l jjc a i aa It Ajxaj 

Ajjmi-s \1 djl-lixall JLaxIlujlj 


38 


Stator 


djlij iilja~a duljJI e JsJI 


39 
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Gastrointestinal 


^Jja-all ^.la-all jlg^JI 


40 


Regulated Limit 


(Jjjl jSSI j CjUjj^oIIj SA1»-«3I j S jlall JjAaJI 


41 


Hydrolysis 


JjI jj * DU. -*■ j ftUll £-a (Jc-^j iSUlaJI 

jl a. Uft 1 a.1 jl£>a J^*m jj AjSjla jll llllc. j^a-al! 

OH J* H 


42 


Total Maximum Daily Load 
(TMDL) 




43 


Sanitation Districts Of Los 
Angeles County 




44 


Elapsed Time 




45 


Carcinogenicity 


4__lLalallj (jLL^jj-LiJlj ( Huulj (JaaSI jl o j tell : 2 t W^J) 


46 


Filter Beds 


1 S3 j jjj £ u Aj^a aJI Aj^cUII CIiIj^uJI 


47 


Epilimnion 


JLfljJala o iJ all <jjl«JI a ^ U, h\1 d'a\U\l 




Hypolimnion 


4 j^l^ a a ) U'i ^ o^jj^i] aJi^jUll <Llox]I Aiiiall 


49 


Bedding 




50 


Fecal Oral Route 


Cjl L^a^a-aJl (Jl Sjjl jL-oa I^^aall c£jl^>^ (JW-^A^ 

^ - ■ ^ 11 j»ill V j jl jJI t> 2 alia all 


51 


Interest And Stipulated 
Reserves 


Sai** j jjL aLj^^I aJUI djULUia.VI j j3I jill 


52 


Combustibility 


^ jlilL ojLo (jljfi^l j^jJ (JjIjLo ijl jpa^U ajLUII 


53 


Interim Enhanced Surface 
Water Treatment Rule 


4_iaJaj-all el-Lai] A iua all *LaJL« all i " lij all (jjjlill 


54 




(La 5_iia. ilil iIji-. j dstjLu) 3 a 11 lIiUjISJI 




Prechlorination 


AiLuLall SjjKll 


56 


Tongue- And-Groove 


u a jjS-a j! 3. US Jb, p jjj ijjAk^l j (jLuAll 

LagJ uaj (j^al jl L£ ^J-^ ^US ^ ^ J-a JjAklj 4_iT 


57 
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^ J& ^^[^ 




Refrigerant 




58 


Ridge- And-Furrow method 




59 


Effective Yield 




60 


Drinking Water Equivalent 
Level (DWEL) 




61 


Reciprocating Pumps 






Pumps Peristaltic 




63 


Pumps Pneumatic Ejector 


5 -1 * 11 j il -11 - 1 * • U 




Driveways 


jsl! jjUJI 


65 


Titration 


(Jclij]! f 1 gjjl ^jJi. IgJi-a (JtlijJ ojLa ■ il i qj 


66 


Predator Prey 


i _ s lc iju dil ^diaj a*a ■ allj ^jjjjiail 


67 


Synthetic Organic Compounds 
(SOCS) 


2 '., ~\\ 2 ij , u. 11 2 i*1 .„<<!! jlj^ll 


68 


Homophobic 




69 


National Pollutant Discharge 
Elimination System (NPDES) 




70 


State Regulatory Agency 




71 


Maximum Day 


t^-Ai ^> 


72 


Adsorption 


j $i ^jL_1xj£]! jl^La^l Lai tdlljJ^aJI fjli CjjL>ji] 

i_a SjaJ -LuLwajS sjL La SjLa ^Jajj ( _ s Jc. jliil t*3LoiJ 

•• \1 \\ , ;M". • 1 . 1 a \S 


73 


Uptake 


^^kl ^1 ^a jl dAj-ii-a jj^aL^aJ-al 


74 


Absorption Absorbance 


, ;1". • . j 1 11 1 -.1 \- - \1 11 - \k \ 1 
1 ftila ftj 4£UaJl i ^11 o) t,^-^ o-SIajI oj^a t [ _^gal » gaj 


75 


Extrusion 


a ^luj — Luj ^)JO Jj^ail ^jlc (Jjla i jW^j *c3^^ 


76 
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<ua ■ U^cA^ 




Plumbing Stack 




78 


Trespassing 


^ — ^ j jI^j jl < ^^- a iiil^ijl : j jLij t tiil^ijl 

4\'\y t * ll l-il i all (Jj3 ^j^a Ac. jxia^o 4_il*-a ^ajSj 


79 


Deflection 




80 


Clogging 


d\ aja jlimjl J ljjjUVI ^ t-jUjaij^l :jl.iuijl 

l1l>I i jl L_ul ^joil! ^t>"> 4 ^ijn djla uj^all 


81 


Spillage 




82 


Inflow 


J u 11 t_jLLuijVI jl ij^J-JI ^l t-iLiLjiil 


83 


Wet-Weather Design Flow 


L_l]ajJI ^iLall ^ j n . r-Tl L-jlxuiil 


84 


Plug Flow 


^Lui t ■ ILLmjl 


85 


Needed Fire Flow (NFF) 


• \\ 1 . tl 1 , .1 . -.1 




Fire Flow 




87 


Binary Division 


^jj"nK ^1 Aj^JI AjlaJl Aj3 ^Slj ja ^ . uijl 


88 


Short-Circuiting 


j^ll C jl jl Jjla-o I—iLluij! ^JaSJ : L-lLljaij^ 1 ^Uaiil 

Ai^iia S&iu. AJliijl *tjS! A^jjill 


89 


Corrosivity 


jl (_pal <ta.Vl £■ « J cliiill ( _ s ic S-lLo AjLIS :4j11£jjI 

-.1 a aC 1-. S .1 \ ,-.1 < 1 \.C : ": VI 


90 


Enforcement 


t - • N C . 1 1 . *•*. \ • -.IS a M;-.l 
jl ojjjiia — 11 \ La) xj^)j-aJ jl ^JJJlS (j-a^aj 


91 


Decantation 


l-aJjJI jja ^ (^L^l JjLJ! i,i<Iiii :3jU 


92 


Standard Coliform Counts 


<J jLic- CjLu jl jS iliLiil i a^l 


93 


Water-Demand Management 


s Llc11 jrU^VI SJjI 


94 


Occupational Safety And 
Health Administration (OSHA) 


Ajj^l 4-^,^illj (jLVI Sjtal 


95 


Water- Supply Management 


*U3L j^y« Sjbl 


96 


Demineralization 


dAiWill ^1 jl 


97 


Deodorizing 


A^\J All jl 


98 
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Skim 




99 


Surveillance 




100 


Release 




101 


Visualizing 




101 


Rehabilitate 


~ , 


102 


Recycling 




103 


Inhibiting 






Augmentation 




105 


Casing 




106 


Capture 


jl — j jj-* 3 — (jj — 1 — « 3jLo ^jjoiI :l*1Lui^I 


107 


Eutrophication 


Jaj La j <u L-Ujoj J (JjljJajll &Ua jl J^^l I^fljpl 

(JjiJ 1 g U^j ( Lb jj ^jll j t tlAj isLoll *J^J a ajLJ lIiIjLuII 


109 


Natant 


JjLij ^iaj-u ^^Ic AjaUa 4jjaa ^Lui^l 


110 


Antibodies 


*1 t i JU » i * tl .u . .-, U It , * 
AjjLa^uill .HatJIj aJil / J j jAj ajaia 11 ^Jj L_JJ^)0 


111 


Sporozoite 


4 g jl uj A dljl j j J jiuJI SUa. AiLi. <j-a jj-Ja • <! ^^ 


112 


Staggering 


\C <= ; U 1 ti k 1 a-. 1 \\ 
^JJC ji*J fgJC (J-udl t _ 5 ^ ^)-alLuL« t^L-kaiLa 


_U3_ 


Split-Coupling 




114 


Compactor 




115 


Threading Tool 




116 


Spreader 




117 
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Aerator 




118 


Downstream 




119 


Exponentially 


lt^^J <J^ l5*j £ jjISj 


120 


Dyes 


(jl j l! elL^aV a Wiiii"! SijjS Ajj i >ir. diLsSjx : 4 i ; . .-il 


121 


Preparation Utensils 






Upstream 


*-Ai-a oLa_lu t^-ill t^ 1 - 0 ' 




Maximum Average Month 


r *■ L Si 


~124~ 


Oxygenation 


/j.-^ i „<V1 , , ,„<! 




High-Purity Oxygen 




126 


Sleeves 


1 **. .1 1 , ...1:VI ,-.M \\- , X ". 1 S • 1 

1 frJJI 1 L_11JU^I t — LAj-saj die- L_li^)J *Ja3 . ^Lo^l 




Refuse Piles 


dLliiJI f 1 jS! 


128 


Matrix 




129 


Arterial Main 




130 


Stand Pipes 




131 


Nessler tubes 


JjVI ^ ^ A- « 

jl jj»"n^ Ia jl^all 4jjaiJl ©.i-la-a 4_j-a£ £-o 
^1 jll L_l JJJ^I ^ £-^JJ t^ijLLal] £Ji.^a£ ^^"iin"lj 

tjni^jj t _ ? jt^ JjiM t_JjjjVl jjl Aili^J Lgijl 


132 


Body- And Non-Body-Contact 
Recreation 




133 


Wire Inoculating Loop 




134 


Municipal Waste Water 
System 




135 
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4 ia nil! ' ■ ill mi (jjjl I^jjjI 


136 


Culture Media 


mull JaLoijl 


137 


Fomite 


J aii Ig-oliij J < ,i<in"n Cj! jj j <jc.j :<jA>l- 4jc J 


138 


Metabolism 


oAl.1^. ^I^o L-ip^jj j tou^Jl ( — lULaad ASUaJl (J^UJ 


139 


Bacteriophage 




140 


Totalizer 




141 




(jil *Jj dltjll] dlLii-all jl Cj^i^aa (jc tilaL 




Scavenger 


jl lIi! JJ j?- d — i^yj cJ^l-^j G-A-a j_^A 1 /'I J "J^J tl j^jlr. 

SJ^, JJ^?- 


142 


Full-Scale 


u i JlUll (_>Jjia]Ll 


143 


Maturation Ponds 


Li^jjJj (JlaJjl %\ <\~> \\ Lg-ia '^1 ■ <ajj ^^>J 


144 


Polishing Pond 




145 


Management Operation And 
Maintenance Program (MOM) 


Sili^JI j .Sill j SjIj'VI j-aljjj 


146 


Jet Nozzle 


fj— kj^ J 1 Mjf" 1 <^ :dAij jLjj 

$.1 jA jl jLc. jl (JjLoi Cliaj o j£j 


147 


Nozzle 


dljA jl jLc. jl (JjLj tliij a jLs 


148 


Pasteurization 


AiiSJ 30 o-^aJ 63 oj'j^ ' . ula SI SjpjoU 


149 


Punch Card 


A i-a^)fl (J^* -6 S -1 ^ 1 ^ (J^J . c_lL3UaJ 1 4 ' a J a OUaJ 


150 


Abdominal 




151 


Aerobe 




152 


Mussel 


v,. 2 ijaJI diLjU-all i ill -1 jlL 

^ — 3 1 frC-ljjl i(^ui 15 _ 5) jJUl JJC- 

(j.^i "1* .L J j^ji j S Wi J cjLV jLi JjixJI oUJI 


153 


tLjaaJ ^ ' * ^ ^VVi jl .1 . i '11 
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Drop Structure 


(JUjC. jl ^jij^l JJC. *hft\ i nil LJ J^JI ^jSijJ Ajjj 


154 


Stop Gate 


jj aA jj 


155 


Knife Gate 




156 


PolyEthelyne PE 


1 ilVi Acli^a ^ 'iJjl jla j Ija. 4juJ j tllllukj AJ 


157 


Pili of Hair Cells 


( ■ p'ij Jt Mill dl^ Ji ajj ■ ( _^ilJ 


158 


Stilling Well 




159 


Vulnerability 


Lr^-J^- cs-^j^ _A>^ SjLlill :4-ijjb 


160 


Susceptibility 




161 


Fluctuation 


1 a£ tl ft ajl ft] ^ lVn^ ^JJC. iajjAj ^ jt i n 


162 


Vaporization 


^Jj c -ll^a Jjia jl lIjIj^j .Jj-^ 3 L>° S-^-*^ i-J^J^-j • JJ'V' 1 '' 1 


163 


Mottling 


Jjlill QA <Ac L_LuU ^jlc ^Jjl^- oLlAi ^J^O 


164 


Tapping 


Ig-uia — *_) £-a L-JjAj^M (Jj-a j i**nm\ i_S"^-^ u/ u "** 1 . 1 c ■ 


165 


Pumping Test 


72 J-^ <il o-^ — J-l^- (J-a C-Lall ^CjJa I^cjJa Aj^j^J 

SI l_j ^juj Loll iajJA <Jfll j-aj L_ aSjJ 4£-Lij 


166 


Dehydration 


JaUij — ul (j — .axj I a te-lLa ^j-a ^LoJI p i ajq-^ ^ 


167 


Pump Bowl 


^''^ 








169 


Solid Bowl 




170 


Upgrading 




171 


Immunize 




172 
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Proteolysis 


Vlnnl i " ll 1^ Jx Jj JjJjJJ (Ji^J 


173 


Lipolysis 




174 


Diastase 


1 — lijj | — all ( - \\ l-il uaj JJC Jj c.Luii]l 

jSjj Jl l^ljajj till j.llAjJj£]l . ^^11 Laic, j 


175 


Amylolysis 


^JjjJa c. Jl j rtl^ J J ^ d ]j£ Jl fcljaull (Jj^ 


176 




( _ s __a la qjI^ J 5JLJI 4 ia u3l *lil) 




Neutralization 


AiuiLla oAja 4iLu*al_) Jji^-o 4jjla jl A\t luaj jl 


177 


Coagulation 


— La-a ( _ 5 3 ^ 0 JJT > ^ ( * )1 *1J j^. t^-il-iajl -J^J 

till j^S JSjj Jc Ia jjij j 


178 


Clear- Well Storage 


J ^joi^al! eLall ^jjjijj £-oa- »^ a ni^all eLfall ^jjjij 
CjU^ijJI Ciaj 5jc. J 


179 


Trim 


Jclij j 4jla& ljL^j ».lla icji. jl-lla t_>ajiaj 


180 


Bacterial Substrate 




181 


Energy Gradient 


J LJI ^ a SjljaJI jLiSil oUJil : JU=> ^j-ij 


182 


Tuberculation 


i_i jjLibU 3 ^ jUiiill Jc. tliLijj (JSjij ^(jj-^ 


183 


Jiinuent 






Influent 




185 


Environmental Impairment 


5 juOaull j Ajc-li^a 11 SJaji j^/| 2 Jjj JjA-ii 

o-lll j!i-all 4iiiL-all «* i^jjaljj 


186 


Degradation 


Ag'i \j< „ J| JjLall >t r la<M j] cl-lVI J ^ ^1 j" 

^jiS J £?Jj3 


187 


Mounding 


^ijj-a tAlljj-a t^^-a^ljj 


188 


Plain Sedimentation 




189 
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Settling 


Ji-^Vl Jl ajIUI jt <A^i\ :t_iu< J3 


190 


Activated Biological Filtration 
(ABF) 


c^j-^ 


191 


Ultrafiltration (UF) 


Cj — aJj 4 — jjLa!lji — kjjj 4_iLa£ I^j^jfLia (JjS ^Lujjj 

r '^- J_, (10) 1 _J ^ i ji^ 

0 J jar t^a t " )1 ^jfl till j LllLikjaiJ-Q 


192 


Microfiltration MF 


i jijjij ^LjjiJl *ii jy jim 10)- 0.05 ( 


193 


Nanofiltration 


V Lo^ — ic. jl — j^j <L^aLk ^iioijj ajLoc ^llujp 

^ \ 11 a 11 -1 • HI a tl -1 • \1 M ^ \l -l I 1 : 


194 


Installation 




195 


Vent Fittings 






Incineration 




197 


Clarification Clarifier 






Data-Logging 




199 


Seepage 




200 


Fluorosis 


Aj Jajx <lLs. jliuiVl (jiSjfi) JJ^r! (jUulVl f « ' ' *' 

5JjjJa 4jiaj Sjjil Jjlsll JjLij 


201 


Acronym 




202 


Fertilization 


t A^li^_J| j 3 r; ,UI Si^Vl ^Uib o^jVl Wi 


203 


Overfertilization 




204 
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Interlock 




205 


Dispersion 


U jLiajl A^iii ojAUi jl ojLo fj\ iTinn 


206 


Clean Water Act (CWA) 




207 


Water Pollution Control Act 




208 


Lead Contamination Control 
Act 




209 


Safe Drinking Water Act 
SDWA 




210 


Spalling 




211 


Teratgenic 






Discharge 


tij^ 'c->^ '^o^ 5 


— 
213 


Sludge Bulking 




214 


Volatilization 




215 


Inoculation 


jl iAjj^Ja C- ^-3 iJul9 jjc (J-aLc. ^f 1 ^- 1 1 'J* u 1 


216 


Moratorium 


La oLilo Ul dAjA ( 13^ jl 


217 


Manufacturing Tolerance 




218 


Intermittence; Intermittency 


jb «VI J L-jUwijl 4jjIj*U Aix^a IgJaiJ 


219 


Constriction 




220 


Presence- Absence Technique 




221 


Treatment Technology (TT) 






Reproduction 


UJ j^V U^. l^b 


223 


Balance 






Agglomerates 


SJA-VI 


225 


Bulking 




226 
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Flocculation 




227 


Stacking 




228 


Exposure 


j\ 4 — jjLlaj^ jl 4 — jjUjjS ^-SjJ — la! L^-J*-^ *• 


229 


Pelletization 


^ a^ a^£ ^ 


230 


Staining 


Ui^k^jU^j .^.^^ 


231 


Extension 


^ Li Ail Jal jl I La Ajlud Ajiaj ojji AiLjaj IAjAcj 

U jl L^ILV U SbV AjiLil 


232 


Regulatory 




233 


Purification 


jLJI J ljjI yJI All jl :a^ 


234 


Forced- Air Ventilation 


Jl j — & jLuj Ajoli^i Ajj^j ^jiXa elj$J Ajjgj 


235 


Frequency 


aLSjII (jjiii J SjLall £■! j^Sfl jjc. jjjj i jIjSj i jjI jj 

t>j» sjJj 


236 


Dispense 




237 


Fitting 


( _ s 9 L_LljljVI dAjlgi J& L_l£jJ dil jjg -^"ij dL/LlA^ajJ 

— 3 ; 


238 


Ammonification 


5 jjI j ajS di!>Lc.lij Luj-aVI :Lujxo/l -^jj 

A_k^ Ljl^j ^JS-^j ^1 


239 


Stabilization Stabilizing 




240 


Double Acting 


aJcUII Jt£ 


241 


Dimictic 






Rye 


jI^V j.^uu aJUAII lljjjj Lual j LjJ Jl 


243 
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Desirability 




244 


Strands 


J2I^ 


245 




(3j3aJ (_^J^J 4-ljluil :^j*-g1I ^JJ^ LjO"^ - 




Firewalls And Router Packet 


t^jjljJI ,_}L>UJI j oLUJI (jai^ ikj jLiijV 

LllLajla-all (JSJJ £ioJ g-ol JJ ^jji l— luiljaJI ^llc. ^ Lai 

>^ 


246 


Radical 


JaVl ^^Jc. Ija. U j 


247 


Dragline 


4_L ujIjj j arsJI ^cjU Jajj 4^.^ aJI :aj£Loi Aiija* 


248 








Storm Runoff 


L-Ll-ssI _j*J1 ftU-J ^ *\ la > a (jL^ja* 


250 


Runoff 




251 


Somatic 




252 


Oligotrophic 




253 


Floes 


aUo ls 1c L-iUa JjSa. 


254 




Ciljl all ^ SjJula Sj^i i^jiJI t 




Sycamore 




255 


Drive Chain 


aJI ^ tiL^pJj jj^I^. 


256 


Genera 


4 — ]Zilxl\ di — ^ jj^-il ( ftjL^jII ^ ASI^a I (j^il^. 


256 


Reduced-Pressure -Principle 
Device 




257 


Scrubber 


J „ J\ f \ J| d^jjoi ' jlfra - jLiil JjjC. jlfra 


258 


Yield Stress 




259 


Gaskets 


SjU (j* jl y L all (_> Siila jl -^U U„ (JliLil j^. 


260 
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(_JJ i.1 A SI j\ t*!j a-oll (j^uJa t_IJjuuil £iaJ (_£J^ 




Workmanship 






Surging 


^lilil oLjjjl tjjLiii. 


262 


Gat£ 


jl^a. ^ 4jaj3 (jpli-)j ^jAl ^.lijixiil J i rl'l n"\ « j^La. 


263 


Valve Diaphragm 




264 


Incubator 


bjj — dlli Ajal j 4^ jj3 jjJ ^-laJLaJ jlg^a. KljJaia 


265 


Pipette Container 


__)jLa-all ^ £juiIj (jUaj LS Jc ^ ^-s'l . .)") Ll]La.Lajj Siala. 


266 


Beads 


Ajjliax SjJ^LaLa t ■ ll lua 


267 


Quarantine 




268 


Cushion Chamber 




269 


Measuring Chamber 


Jia-a ^a^a. iJllli j' t>° j^ 5, 'O-"^ °J?^- 


270 


Compartment 




271 


Watershed 




Gridiron 


^ — 3 Jl — 4-ol.laj — uil Igjjj ,jx Acjjlo (j^aljc-V 
11 1 n\l t - il laa n 


272 


Tilling 


l^ji JjjLaJ jia. __>JC- S-JJjll <LLaii.j ■ . jja : SjJjII liiJ^L 


273 


Combustion 




274 


Zero Kinetics 


*.M \l q • .C • ~ .-'.VI U1A-. 
OJjAj ^^Jjl 4 01}-|H ^3 OJJ^JJ (JC (Jq 1 » il n aJ^JJ^I (JcLaj 


275 


Belt Conveyor 


j fl'i > ii i J^ni; til^ajj f'-^ - 
A -tl.-fl .-.1 • -1 ■ J j — I'-fl i 


276 
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Vectors 


11 . - \ tt A . . 1 . .".C . 1 .At A tal '. ' * 




Rubber Ring Gasket 


j>ji j jLiyi fi^v 2LjSk s 


278 


Packing 




279 


Catalyctic 




280 


Pitting 


ls — 9 L^U^-" 3 — -fj "--^J-^J (J^" 1 " 1 . 1 * . ■ ""^ -.J^ 


281 


Sight well 


<LaJl*_a A Saa jl sLila ^ji 


282 


Septic Tank Drainage Field 




283 


Tetanus Toxoid Injections. 






Grout 




285 


Volute 




286 


Scroll 




287 


Hand wheel 


Jiat djjia. 


288 


Feast- And-Famine Cycle 


j Sja jJI Aik. 


289 


Symbiotic Cycle 


^i^j ^ j^c l$ja (jijUlj 51k. :Ajlil£j Aik. 


290 


Activated Sludge 


jl c.lj_gJI Igjll (Jijl j»j IgjLjc. lIlu ^^cLk^a 

tllllj i ^ir. £-a ^jj-^ ui^VI 


291 


Sloughed 




292 


Volatile Fatty Acid (VFA) 


6 — a A \ » nl » >i ^jjsj -J^A 3 f*-^ (j'^^-* 


293 


Shock Loads 


Jj (J^.^J o^La (j-a S^iJ^ :4-aAj^a dlV 

Aju£1\ 


294 
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BOD Equivalent Population 
Load 


(tikSI) _B Aial£JI d&Ji "aIj^ 


295 


Aquifer 




296 


Poplar 


^)A3tJI JJ > ^ JLajiil Sj^il I flj^j J-aij ^>?^ -JJ^ 


297 


Fill And Discharge Basin 






Reservoir 


4_LaLai — aj <■ fluVn AjLla <_^a (jj^- 6 ci- 0 ^ 'l^J^ - 
C-Lall L>* ' £ * 1< ** ^ ^S^J^J 


— 
299 


Anaerobiosis 






Inert 




301 


Slag 




302 


Septic Tank 


^AxiLj j^IajVi dlaj e^Lc- (jj^J U^3^ • ( ^j - ) J - ia ^ (2^3^ 


303 


Grade Line 


(JjLai jliawi (j^J dll-la^j Jj ^a»uiiLa iaa> jJjll iai. 

JllaJl J& ftlc-j J 


304 


Force Main 


o jjj^ Sjlc (jj^J L-uAjVI (j-a Jaak iJa^auJa-a (J-^JJJ 

L_il£ Jlc i aj L-J^will oUa I^jS ^ljJsj jUaaVl 

i^JljA-a 11 ol ^ i iaJ j\ i^j&]^±uia1\ j>s Jj 

1 tl \ - • 1 M * * j 1 - 1 ft it , iltf 1 * • 
& "V J l£ ls - *' r Lj -* a a u ^ rt (j-a Lg-mi i flL^k la* > <aJ 

a ^ \\ a 4_laawa Jl 4_jlg_ilL) 


305 


On-Line 


^ j j3 I j*iL* Jai. 


306 


Crossover 


Jj ja*j Ja jJai 


307 


Back Beater 


— ^ ^ ^ 


308 


Vacuum 




309 


Oocyte 




310 
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Stringy 




311 


Pilot Studies 




312 


Degree Of Compaction 


SjLal AAjjjJjII llllj jLail (_K>I JJ ^-jJ 


313 


Elm 


0 J"> ua£ (_^JJ J' ^lll-A*ll J ^ajj Alllla oj^uj IjljjJ 


314 


Landing Brackets 


j_Sj jj a_JI ^j—a AjlL^I SjjL JiS ijlsiuVI CjUcj 

aWI Cjli jj^ (_j jij AjJaii Ifejlc Vnun j 


315 


Brackets 


lgj| jI 5_o^Lj jLajJa j 1 {'jml 1$j1c jjlou 


316 


Impeller 


1 o jl lacLia jl ajjlj 4\ i J jl jjll «. jaj ij-Uj 

jl t4 — IT ^ — a (J jl (JjLoj liL^Jil ^ ^ > ^ tl^gjUu 

J «3I J Ac jJaLall AiLi^all jl Ac jjJI (jj-jsl 


317 


Propelling 


r uVi j-j <»L.Vl JJ ^ 


318 


Batch 


A xij ij till jjuJI jl ClLJaa all (j* Ac jn^. a Axij 


319 


Guideline 


(J ^ajj 4-1 — J^JP Ajqj^ JJ ^Ljjj^U Aja> jj Jaa* ^cJ^I-S 

AS! ja.h LS £-« 


320 


Vortex 




321 


Forced Vortex 


(Jii—Sxj A JjljjJI ol-Lall A£jaJ Ai^i IAjjj^ AaJ jJ 

jj3 j diaJj jLuVl jaj Igcliiil Sic AcLJI ^Jjlac 

(Jiu;!lU t_lljjjj'VI Jc I* JJaJj A^a Jji-a a j3 


322 


Rotifer 


ll_liL_S Ul—ljaj jj Jl L c5J*^i j'jJa. Igjtf j-i 

ol — iall J ^ajj ^ 0.5 JJ 0.1 OJjLa Aljja £ jljll 
(jj "<- N .-") J— 11 j*l <-Uil J&J JalSj .Aji*ll 
^Jl AiL_^aJ L_«U Lulic IjA-^a cAjiJI oLall 

Aj^^Ja xll SjLall i J Kfi J tijaJ ^>lljaJ £-a AlaALi^o 

AjjjII J SJja.jJI 


323 


Hookworm 






Helminthes 


AjJajJjjill 'iJjjll j L^aSjaJI jljJjS :Ajja-a jlilJ 


325 


Dynamic 


ajj^L 


326 
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Autotrophic 




327 


Psychoda 


_ l^^^il^ 


328 


Boom 


jl q ajS n £-0 iajjil aLIS AjjJx-o obi : JjjJaJ 

^ a£s J Ajjbl ^ tjixjll All ^tiL« 


329 


Flanged 


S jjLi AiU. ji 


330 


Appendage 




331 


American Water Works 
Association 




331 


Precipitate 




332 


Filtrate 


^ ^ ajJJ * ^ g UI »UI igJlj 




Feeder 


La i _ 5 £-^j3 -il-lal -ial j 


~335~ 


Lime Slurry 


2L_ilij o— « 5^— > (.1 jsJI lSj£ <[CaO] 
*UL j^l j Ca(OH) 2 


336 


Headers 




337 


Rammers 




338 


Trickling Filtration 


- t 1 5 If * 1- A • A ' 1 * U 


339 


Soil Moisture 


« ^ a ^ j ^.^-a^ cs-^-"^ gjj|"-v A\ 4_jjlaj 


340 


Laminar 




341 


Concentrates 


l_J ujiall fj jl tojLa (jx j^>-^ *_>?-M '*j^J 


342 


Code 




343 


Slurry 


lUj 


344 


Rotavirus 


IaAjj — la £jJa jll 4j t_lL^aJ (^J*-° 1_>"JJ^ '(J^JJ^^JJ 


345 
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Manure 


(_><ajVI a i iu3 - lalj '"'j <Li^.l^]l CIiLjI jJ^-11 


346 


Scum 


Jjl u: jclajj Ls lc jiLj ^Lu: jVI J ^Jjll i>a Sifla : Al j 

1 t t 


347 


Gooch 




348 


Skid 


(Jaj ^aJjl (JjLa <_)^ udj ^j-iajj ^ni-s j tA^.V j 


349 


Retention Time 




350 


Detention Time 


Sjl all 1 £J2 ^jiij ^1 4jiaj]| sjjill ^yij 

L$£jLijLa j! dlLl jjL jl tJjK ftj jl eLalLl A Viq"^ a 


351 


Time Zero 


dij^ — ^ L>°j tAjLac. i^A ^ la a : jq* ^ill l>-0 
LS >Ui 


352 


Travel Time 


<\ iaaj <j-a tJ'qVlM o^Lal (Jj^)*Jj»Li-ail (3^3^ ' J J^^^ L>*0 


353 


Residence Time 


jl ejj^a SI oLlo 4j2 Ls ilJ ^jill (>ajll :Jj jS-aJI ^j-aj 

Cjl^a.j <j_a J-S-^-o ( * J ^_3 ^ Jjia-a jl SUaJI 


354 


Time Delay 


0 JALL J dj-la. £.}J jjj La jjTU.M jjaj : jib (>aj 
LaA jLil 5Jii.!>La jl 1 ng'ih-^^La j La 


355 


Turnover Time 




356 


Dimer 


jjiL-kLa (jjljj-^ 0-^ jjSlj ^ja. jS»-a 

£jja*j]l 1 afl > ^ >T . 1 . 1 UjW' 1 ^)' 0 


357 


Sprocket 


5JI ^ jj'l.na (^HJJ jl 4 \">r. 


358 


Graduate Pipette 


jfl Vij <LiA^a-il ojjljt-ail ^ ^ Whin oljl 4j^jAa Aalajoi 
^^"u»l (_£^II Jjla-a ^a ^ .J^-^J t"il ">JJ^ I & jjl ~> 

SjjUJI ^ 


359 


Overdraft 


4 jj!^-ail Aj ^_ojjij La (jj^aii ^-^.>?-^ D Li-ail JjLa. I . ^ > » 


360 
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Double Suction 




362 


Weir 


Aj^o J j» j L <aJl» Cjljaj Z±±. j ^ Awl 


363 


Scouring Velocity 




364 


Specific Substrate 




365 


Run 




366 


Compost 


In Aau jAual! % Otjlull 

2j jji^js %l-0.5 io^jJ 11 °/°2 


367 


Stickleback 


2 aJLal! j a jAxJI sLtJI ^ (j^S ">j«-t> jit 


368 


Beaver 


( _ 5 — 3 ^jAi-all OfcUjJ JjP''".) AjjLail (J^ajl -1^ ' J j-ojj 


369 


Whole Effluent Toxicity (Wet) 




370 


Enactment 




371 


Revenue Bonds 


(JllLa^ — ( j — al^jx lLiI^ — ^.L 4_L^ajLa t " ll m > n^a jl 


372 


Flagellated 




373 


Siphon 


tjl J — i- (j « cj^Vl jaJ t_Jjfil ^ JjLu (Jij 


374 


Underfed 






Flushing 




376 


Paralytic 




377 
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Bedrock 




378 


Bubbler Stone 


pi j^ll jLiijl aJljjJ Olclia ^ j$ c>° 


389 






380 


— ; 

Strom Drain 




381 


Baffle Plates 




382 


w mow 






Plaque 





^84" 


Valve Sleeve 






Valve Gate 






Kenei v aive 






Valve Surge Relief 


jT~ ~ ^~ 




Single-acing sequence valve 






vaive oiow kjii 


j^a^ 




Modulating Valve 


77^— 




v aive onuion 






Valve Stop 







Three Way Valve 


I'lljl .„.il jl l"<\ <m. UjN ( _ S J^J 




Throttling Valve 






Valve Rotary 






Plug Valve 







Flo at- Operated Valve 






Valve Controlled Check 


— — 

^ b ^ 










Spring-Loaded Check Valve 


^jiajlj j^ic ij"^ a C -1 aj a 


401 


Double Check Valve 


^j^^a a 


402 


Valve Globe 


^jjS ^laj^a 


403 
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Solenoid 


L_al ^\ rt> n 




Valve Pilot 




405 


Valve Sphere 




506 


Valve Swing 




407 


Sill cock 


ajj uij A — ja qj — £j JJjlj a '.^jj^l Jj/u n 

Ig-La C-j^- j\ ' ■ nl ^ jajfll t(_JjLuill L_ll_Luijlj 


408 


Splitter Box 


AjcjAI! tliLiLuajVI (j* J-ic jjJ i * Ua 


409 






410 


— 

Quanti-Tray 


1 j,. '■:,!)) \ CjLujIjS 




Screw Press 






Belt Filter Press 


etaaJ (j* *Lall £■ jil ol j fyZjA jac.Lja 


413 








Peak Pumpage 


S jjill j^a 


415 


Pumping 


•7 11 'ic • t I -7 
J^l cs-lj O^ 1 L «- laj J' J*' 


416 


Pumper 


^a La jlx. jl c-lj^-il jl fcLall > <aj ^j£J 0^1 I^Lk^ia 


417 


Back Pressure 






Hot Plate 


j — jitJ tAaJaui — a 4jjLj^£ ^jja i aj ol^l ( {jj-s > »n (3fla 

.1 • M A at C a 1 . 1 1 1 ; C 
jl\ "soil 431^ ^ LlujLujI Llj^o 


419 


Biological Bed 






Molting 


j J all o^laJ (j! jja. : c£JJ J C-^ 3 

^ >L aJIjaUj (..< jaliai iC jjJ} 


421 


Dead-end 


jjiC- JjjjJa ^jAj-lla (Jjj^jia 




Chromatography 


1 gJj-a ^ 1c bt «jc! J jla a ^3 j*. lIiIj j^-all 

alia a *uL-a ^l^-a ci^ c!>° j'^ 0 ^ 


423 
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424 


Iodometric Method 




425 


Dose-Step Method 


a jjai.— <CJ^. 4i^>Ja 


426 


Endogenous growth phase 




427 


Declining Growth Phase 




428 


Stationary Phase 




429 


Barrel And Socket 




430 


Aggressive 




431 


Mold 


a o A^jLill "J 0*° a i al j (Jj£ :<jjic 


432 


Water tight 




433 


Threshold 


AjLi La jl <jj_bLij jl AjjLjja 4_oja] ^ : iSJjc. 


434 


Wheelbarrows 




435 


Enumeration 


La SjAUil jl L jjial ^J-SC Jo 


436 


General-Service Compound 




437 


Current (Velocity) Meter 




438 


Positive -Displacement Water 
Meter 




439 


Master Meters 






Differential Pressure Gauge 


^rr~ 




Proportional meters 




442 




liL-Lalip ^ a j»JaJiui J j J-Sc. : J J jiij JJc 






l-jj jjl a^aJLalj 4<LlLiJ.}]l (_£ jill jjt jm'lN (Jjl^xJI 




Reynolds Number Re 




443 
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Torque 


^fljUj 4-Sa^ j ^jui^ (jit A'<l\\-in 6 j3 Jj* : JJj^ill ^ jt 


444 


Weed 


pi <JI u ajcIj jll Jji^iU«ll (jiibj SjLja 3 iiV. 

Lai AjjCjll ,_jLLiJI Lai ic jjjall j CjLii_a]l j 

^Ul UiU3 M LiJ jl M L^I 


445 


Refractory 


SjljiJI jjjLu lilSiill jl Jjijll Alii JJC. j| j-a 'SV aC 

CjIc-Uj^ SI L5 — a 4^aU.j < j^j^II jl jal ^ fiVmn 

AijLJI j| jJI Acli^j ^ j iAjjj-ljull 




Indicator Organisms 


illjjj ^jic. AJb ilAj j > nr. 




Blank 


Aia^i SjLa J <^ t> JU. ijxiac 


448 


Turbidity 


5 ac.L 2 ijlSa jl^a i iu Hi pLoll j^Sj :S jjSc 

0.002 mm J ja. IajUjI ^ jl 


449 


Cause-And-Effect Relationship 


J «LJI £ jj juLa ijjj A^lr. : jjjIjII j IJj.nll a£Ac 

0JJ L 


450 


Stoichiometry 


UJJ J JJ — ° L r J ' J -" — * — ^ .iLajVI (JjLS jjc. 

CjLSjJI jl j.^iI'itII l$ia j JtLffi ^1 clAii jaJI 


451 


Shutoff head 


aAoe. jau: Lja jli (_$ill ^UjjVI jl jUI :i_«Liij^l jlc 

J^jJI ^ S^a 


452 


Water head 


^ Sc. LjjLa ^uia. Jj ja. j jt JjiaJI . ^ill Ic-Lall jlc 


453 


Head 


^lijjl ^jic ^jjLa ^uia. J ja. j (jc -ll jlall ia» i ^-ill : jlc 

a*" 


454 




SjS_^a jl AJl JjaxJI 2 vljl 1 , ,Aj^ A\ jj^c. 




Line Shaft 




456 


Stage 


Jjla to Vq* ^ 4j^_nKjrt q\A j-a J> ,Vn~. 


457 


Cluster 


(JjS^> d]Lj£-a j-a jj^-a £-a^J t<Sj£ t^jAJC 


457 


Grab Samples 




458 



1226 



Carrier Gas 




459 


Screen 




460 


Travelling Screens 




461 


Vee Screen 


V 


462 


Bar Screen 


La£ t*£LujSn (J-o V A_lj^*-a (jLbJai ^ ^j'h^rt JWj^ 


463 


Flash Evaporator Chambers 


£J_J-UJ J 1-^ VI 1 t Hi MJ ) La ^A.lLo 


464 


Backwashing 




465 


Septum 


t_l3SII ',** jju La (J i al all cLmIhJI 1 la 


466 


Membrane 


(3 ^ .ij-iaJI JIoj :$Liic. 


467 


Screw Cap 




468 


Grated Cover 


Cll a^ia L_U^a 11 J J la SI ^j-a frUaC- pUad 


469 


Stainless Steel Closure Slip On 


3 ^ ja ^jic (Jjljij 1 ii all (JjUII jjc. jill ^ frUac. 


470 


Sheath 


L_J j£ (j c lajaJ Aj^JI 3 i aJiVl ,j •(_>^ t^ac. 


471 








Flooding 


\ 1 Ml **1 1 i ti 4 1 VI 1 1- 
jl 4 .UCU tail (JjJal i-ftil /- 3 f.) jj-u (J-ajiM 7* u ' " /e-* c ' 


472 


Inadvertent 




473 


Heterotrophic 






Cyclone Separator 




475 


Atmospheric Vacuum Breaker 




476 
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Pressure Vacuum Breaker 


J\ AijU! jIjSJ :Joi^ *}UJ J^li 


477 


Valving 




478 


Manholes 


^ !) J j jll (j a (jioj oJia-o CjI.1c.UIi jl j^ill 


479 


Control Orifice 




480 


Mesh 


Ja j J-s j\ liW J (j o Ac j'li^in SjLo i JljJC. AaJiS 


481 


Orifice 


^LJI j i^JI ^ aJI ^ 


482 


Runtime 


jUJU^x^^ 




Vitrified Clay 




^84" 


Hot- Air Sterilizing Oven 






Cryogenic Air Separation 




486 


Immunomagnetic Separation 






Ultrasonic 




— 


Hydrant 


* — " ?J^* "^J JJ^j^ (JiJ^ 


— 
489 


Animal Viruses 




490 


B ac kflooding 






Malfunction 




— 


Buoyant 




— 
493 








Viability 




495 


Petresciblity 




496 


Corporation Stop 




497 
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^ j^ll 




Check Float Element 







Curb Stop 





— 


Mortuary 




— 


Sewer Ordinance 




^01~ 


Total Coliforn Rule 




502 


Statute 




503 


Surface Water Treatment Rule 




504 


Penetrometer 


S j — 9 jjjI — JJ 3 j — )l jl I — uJLo t UjJafl (Jit-a jl 


505 


Pressure Gauge 


-ki_Jal! <jjAjS1 CjI j j ^Ji : Uv . all ^la 


506 


Pi tot Gauge 


( _ 5 9 ijjlj^ll L-jLluijl ■kc.Jpji (J-uLja3 : L — (J^^ 

^jj a,,,, s) a r u.^ a jj^vi > ^ 

Jja (j^ j^L j>j jJ^. (jxliill jjall ^ji ^jj^jJ (jjjj j^ll 


507 


Hood 


<J_^J jji ^ Jii S U1 JjW frLkc. j a^ 

, - .1 .1 C ;M 1 I - • .VI • j,U 11 , '.\ , • 1 Ml 1 


508 


Premature 




509 


Pumping Capacity 


— 


510 


Assimilative Capacity 


i_aj^a bLa ^jIIj ls 1c. ali^ll ojjS :JiLajllj - ■ '-fl W ojjS 

I 'Ml t - 1 • , *.l .".I*, j •! \ 1 * s. S t ^ \ 

jl^Ja^l jl ojUia c_lljjJU i — lla^l (JJ^J 4-aLuJ 1) ^-a jl 


511 


Horse Power Hp 


-1=1 j 760 Ji-*j j liij^o Sjjal SjJs 


512 


Intake Capacity 


, ,^,„\| J\ ^ a \ , ^-,^1 ^t,., jjL, jjja 




Zirconium Dye Lake 




514 


Crustacean 




515 
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Distillate 




516 


Destabilize 




517 




^ — 3 S-^J^ '^J^S-a Ajxix-a Sua 1 4_ULi*-<a]l (JLaijLj SuS* 




Parshall Flume 


jl cj^jj-sa — 11 el_La L_il_Luijl ^c^jjoj L-lLkaaJ Slja j\ (J$S±L 

- tl J , \ A 11 SI • 1 * \\ ik \'\\\ 


518 


Flume 




519 


Regulation 




520 


Ordinances 




521 


Shell 


g-laj SI a! (jl jjsJ i.il^iSI » jaJI jS 


522 


j?-" cr^ 'd%*> (j 0 


Maple 


jjjj — jl ^jjj AjiLuoill l£j^al jl ^ »~iil ^Ijjl ^1 ' t > 

£ jl jill j (JjliaJlj ^jj-ill 


523 


Limitations 


IJjJai jjLiJJ t_Unjj La 'ijLa al ^Vliiil ^jJC (J^ajSJ 


524 


Pressure tight 


, ^] J jlc • U;, i v.U 




Cation 




526 


Hydrophobic 






Leak Detector 




528 


Reagents 




529 


Benthic 


^jlc. ijijxj <LuLij jl jj^. diLul£ :ajc.15 tliLulS 


530 


Rainfall Intensity 


4(_5J — k*ll Jj — LgJI 6 Jj— ft JjJa^JI AiliiS 


531 


Floes 


J"< j Qllj^a 1 .-I gall <a a >■ i i'^U Cjli^j < i— il^p£ 


532 


Airloc Balls 




533 
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Heterophobic 




534 


Granular Activated Carbon 
(GAC) 


Lwj — i-ail ^1 — ij (j-a cljl lua : IaJu< ^ lua (JjJ^£ 

500 yl^j ls^--^ c^ 1 " ^ uj^j^' i> -^'j 


535 


Objectionable 




536 


Foul 




537 


Scrape 




538 


Oxidation Reduction Potential 
(ORP) 




539 


Cyst 


£tj| jj (^^ujj^il ^j^j .Aj^sj *Uc (J^qn 


540 


Not-For-Profit 




541 


Anoxic 


iy.^ ...<ty 


542 


Drill Bit 




543 


Control Console 


a 3 iLoju - £aJ Aa.j] la^alll djlj.ll t^£aj «* a 


544 


Keypad 


1 — =>-JJ ^ eJja.j^ JjjVI t> itj^ Jjjlia ^JJ 


545 


Helix 




546 


Helical 




547 
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Strainer 


JLjC. ti>Ui ne, 


548 


_Bnne 


i^jla jLail AjAjoi c-Lo 


549 


Saline 


J — JJjK ^jjj_aj^a LS Jt ( _ s juiLuiI (JS-^iJ J^- 0 

^ajj^ji-all ^!>Lalj 


550 


Brackish 




551 


Biocide 




552 


Caulk Caulking 


p Lull JLacI ^ Itaj *Lall Aljlc j 5-ajl£j SjlLa SjLo 

— ; " ; ^ U ^ V ' J 


553 


Manometer 




554 


Hydropneumatic 




555 


Gear Reducer 




556 


Insecticide 


^1 j .all Q — a Ajt uilj Ac jny <\ (j-a ojLa :£_£^>jai^. Ilia 

i"<\^.t^ \\ J'Va\ . ^ <Jjl_LaJ^il 


557 


Durability 


Ifrjlj 5-a jxjj J Uj^t J All Sjtla 


558 


Concentric 


L^aj ^1 j&lj j2l>>K A^^A J£J : jSjJI ^ia 

j*JI l^J L^jUi 


559 


Amoebas 


— all a! A -Ij^-j IjJJ JJJ tjl j^- -t,^- 0 ' (J 

(jLoij^U (j^a^SI jWll ^ j iCjI jj^jII j J jIasJI £-Ls 


560 


Parameter 




561 


Handrail 




562 


Inversely Proportional 


AjuS. (j^aSj 4 ^ fi'i SjLo ^ i-i^S -sLpjl :Lui£c. ii.nl S n 


563 


Progressive 


^^cL^^aj t^j_ila t(JljO-o 


564 


Sewers 


i-jj^a 11 t>l J iil (j-ajVI Ajjal 

djLliillj 


565 
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Trophozite 




566 


Doctor Blade 


ilJl^j »LaJI k^Sj jsli-a lJiIj^. 


567 


Paddle 




568 


Trunk Sewer 


JjLj JL^ajl jjji-o 


569 


Culvert 




570 


National Research Council 
(NRC) 


Ls iLjll llljajJI (jjJa-a 


571 


State Of California Regional 
Water Quality Control Board 
(RWQCB) 




572 


Drive Assembly 


^Jjt ojl^j jl »'>'nll 4x. j^-n a 


573 


Raking Assembly 


MO* r jB c> 


574 


Butterfly Control Vane 
Assembly 




575 


Hollow 




576 


Hydrophilic 




577 


Impounded 




578 


Plunger 




579 


Beneficial Soil Amendment 


SjjjSall o j j 7- g ail 1^11 Q.'"'^"^ 


580 


Decomposer 


CllljjjJaxJI J^" 1 ' ( . UajjJJ e.lLa I (_JI^-a 


581 


Mixed Solution 




582 


Mixed Liquor 




583 


Buffer 


^ lc A 1 J^J t 0 ' a U ^ )1 J <u£ : ^Jala (J jla a 


584 



1233 





a J q ^ 1 i>si\\ Jjlill jjc. iV jail t> : ( ^« 




Autoclave 


J 4 J (jjjlLc Jaij^aj 'ijlja. dlLa.jJ j- jL 


585 


Transducer 


(j Sj JSji 4iLkl! Jjj^ai j» jSj sbi :<aUall J ja-o 


586 


Bar Graph 


,_3 — Sj SJJ — a^i till — \Ui a (_ya jxl ^Lu Sincl Lka n 


587 






588 


Rainfall Duration 


djlcUlj Lille- j (jjlaJL <_>Aj5jj 


589 


Duration 




590 


Compactor 




591 


Rollers 


5 jjjll C lliua (j-aj 1 $j£ 3 tliJaj 3 Sjjj obi :Aia.Xo 


592 


Drive 


All J oo l4 11 (Jjjuuuil t jC (JjJjnmH e^)^l t ^J-^ a 


593 


Solvent 




594 


Recovery 






Spargers 


f.} j^il <aLj^ ilibij* 


596 




j * £c ujaII li* j>j n i aj IjUa^lj <aoL^SI jLjiij* 






AjjVai^i SI cAdi-a SI a ja^jlSI jtijijjl] xunJI 




Plate- And-Frame Filter Press 


t^l — J^)&£SI "^J-j '"^ c5^J '(J^^SI ^1 J-°J AjjIXiJIj 
JjLo SI (j* ^JajJI SAs.! jl SiK (jisiiVl J^ijjll jA j 


597 


Cartridge Or Large Disk Filter 




598 


Resilient 




599 



1234 



Suspended Propeller 




600 


In-Line Mixing 


Al^.^a jjj <L^.^a (J » ill » ajll t _ ? ic ^ In-s 


601 


Stock And Sod Farms 




602 


Packed -Tower Decarbonator 




603 


Porosity 


J® 


604 


Emulsion 




605 


Seeded 


— J t \ — ilia* j — 2kJ diLiiil AjJlll jj 4_nj : ^ j jJj-lla 


606 


Sensor 




607 


Drip Pan 


oLlJI ^ 11 - - Cjl^J 


608 


Indigenous 


--^ J ^ *W .Ajj" 


609 


No-Observed- Adverse-Effect 
Level NOAEL 




610 


Watertable 




611 


Static Level 




612 


Logger 




613 


Powdered Activated Carbon 
PAC 


Llu — Loll <^-^ (-jj*' mi : laijjlall qj1j£>1\ ^y^jaua 

i3 l4 jo-aV i ajl i Jjj ■ ki^j] 1 ul Laj£ ^Jla-o 

500 yl^J ^ jj ~1",„ AJ jjlUJI t> ia-lj 


614 


Bearing 


( jUjj) aJj^JI 


615 


Nursery 




616 


Outfall Sewer 




617 
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Curb 


JJjial! AiU. 1 ja.U. lluu 


618 


Stator Baffles 




619 


Serological 


r J 


620 


Progressing Cavity Pumps 




621 


High Service Pumps 




622 


Vertical Turbine Pumps 




623 


Recirculation And Transfer 
Pumps 




624 


Well Pumps 


HI It 1 * || : . t .5 , * . , - .1 * . 


625 


Peristaltic Pumps 




626 


Self-Priming Pumps 






Low Lift Pumps 


~ — .- ^.^^^ 


— 


Booster Pumps 


1*^1 0> L^ 4^1 . 

ttJJ ^' 


— 
629 


Centrifugal Pumps 






Turbine Pumps 






Screw Pump 


^ ^ 4— 




Ej ector 


4j j jab 4^>>™ 


"633" 


Photoamplyfier 


^j^a 


634 


Burner 


HI tl M • e - j u ; *•! J . . t 
( . ul ^JLx-ujJ (j-ajJ (jfl elJI '4-^-1 ~ j' 


635 


Elastomer 


S ; ,-.1; 1 . . .t . - ,-1 -. Ill 
<Ujj-a i — ll q > «-it jaj ^J-fUijJ .^Liua JaUa-o 




Grinder 


( _ s 11 Jl j all 5 jjaul ^ iVu.n 4_ia.Ua .4b___L_-. 

jbuVl c^IjL^ 


637 




4-lb-oi — .VI jl — i^i 4 auij la* (jl uua :4jjLq 4__jia_a 




Water hammer 


abu-a lP^-] JJ^J J ^ jjll 

L_l j^jV 1 ^ ln» >>i j* jbi__ul 


638 
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Slaker Slake 


0 UJL, 


639 


Categorical 




640 


Manning Equation 


^xjLijSi] (Jja <j-a t—ULj-^aj A^^a-i *U^lst-o .x-LiLa 4_uL»-o 

M L^J 1890 ^U&l Uj>j 1867 jKjli 


641 


Roughness Coefficient 


0.020 ^s— SJ t^WO ^kJ 0.010 t> ^jl jj 
LS —k n j t^iLj *SJ^ »^ £^ 


642 


Coefficient Of Rigidity 




643 


Biomass Decay Coefficient 


ajjj^JI aHS]| Jkj cU*- 


644 


Velocity Loss Coefficient 




645 


Elasticity Module 


4u>««\\ a jail J j j J jSM 4Ki 


646 


Standards Of Water Works 




647 


Electronic Access Devices 




648 


Drainage Rate 




649 


Peak Hourly Rate 




650 


Infective 




651 


Planktonic 


4 — j^aJl el — aaII ^Ja — uj ^jlc jilaJ > A lIAj j * 
Ijjj — Jj^)jllj dll Jjl^^i.ft\l <j-a 4_ujJJ^) OjjA-aJ <jj£jJj 


652 


Norm 




653 


Excretion 




654 


Overflow 




655 
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Compressive Strength 


S jij JJllaJ Sja-jjj JjalSll 0-lLa S_a jLLa iJaljLJajVI jlLa 


656 


Bioassay 


1 fcjjjlj <_)! j jl o-iLa jj^JJ *^J^ AjoljILo 


657 


Herbivore 


tllljAaJI (j-o fjjj L_iJa It-jLioS/L lllljljLa 


658 


Ingestion 


jl g-^LjjV j 1 aj f>JJ ?-5l ^jJ) (J^Al ojLo (j-a jl^Lo 


659 


Capability 


Jl^a. J Ail t.\Ji :Sj.iLa 


660 


Landfill 


CsUiiil ^Jj t_JLo 


661 


Spectrophotometer 


^ a * jj^all SiliiS (j^jij : (^J J ^' ' ijUll (_>uljio 

jl (J uj^)a]I £ — 11 A * st\ )j t T-ill (J^a n S^?- 

La o^La ^j-a (j!llla]l 


662 


Flow Meter 


^jL-fiaJslI ©LiA 1 ■ ll Ji nil ^ULa 


663 


Bourdon Gauge 


— 3 JjIjjj — 11 Jai (jJ-ial jlgja. Icjj- 2 JJJ C^^ 1 

(jj-Sjjj ^^jjall Aiaj) JaLjjVI i alia n 


664 


Gauge 


J jSl jLuSfl CjjlS Ijj La jjjajjl aJaJjmj jLja. (jJ-lla 


665 


Atomic Absorption 
Spectrometer 


i_ki5 SI ^ j h (_>oLLa j^jill (j^al 1 oj «V 1 i ijU i_>iL)la 

■ » jUit 0— « ^ jij—LVi jj^j 


666 


Photoelectric Colorimeter 


3 ^ uj o^l a a 4__allaiajl 2 '^j^ „M 1 - )1 aqjqaJi 


667 


Colorimeter 


• tit A ftP.C 1 .«t *t t 1 .A 

(jjlll ^UaJ jlfr*. -(jJjl cny 4- 




Office High-Rises 


j< >, , | ^ a j ,1 jUtt oj^La 1 < » 

. ^l£-aS L>J^L^ 


669 


Us Weather Bureau 


^jjxiSM (_)jiil»SI l_i&a 


670 


Insurance Service Office (ISO) 


(j^ljll LllLaik t ■ ij£ 


671 
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Filament 


^g-ull J (j-al^ (J^^ -^J^ *S?J J -* aC ' ^jl^l-s LJL)j£-a 


672 


Mortar 


La oJXua ulijlo q±i Ait a\~\ e-lLa .JaJ-La 




Wire Attachment 




~674~ 


Appurtenance 




675 


Ancillary 




675 


Wound 




676 


Access Walkway 




677 


Feasible 


(J Jia«-Q tj-at tL_Lujl_l<i t^J^iLa tfjja^jll (j^-o-o 


678 


Access Ports 


(-_u_jjj 2 1 A \ u it jl t La jjiA-a (J jA-a^il ASLLa 




Modular 


C^JJ 6 L£J^" 


680 


Facility 


till ^Liia^V AjjujLujI LllLaAik ^JA9JJ ^ jjjj Jja^a jl eLuiia 

AAiAlijj ^aJa Ajjjj^Ja 4_iajj 


681 


Water Utility 


tljU3l*i3lj (^lalla]! ( fljja <a Jl <£ilaill 


682 


Waterworks 


el—LaJl JL^a_il (JAaLu ^j&J 4-alc- eLualo *4_uLa b\ uila 


683 


Utility 


^■n n*ill t—S^L-all j al_LaJI dlLij-a (J^ 3 L)* 6 £^ eLaiLi 


684 


Travelling Rake 


(jLi-a (j-a (Jaiil (JJLS ^ t . U^Iq 




Mount 


Ail J AjtiaS LiUJUJ ^aJCAil ^ijj-a L_U^ala 


— 


Trash Rack Rake 


L-ix^a — La^ AjxAijya 4_iJA*-a alJll t i^ULajil fgJajoua t^/iu 

Uj^Wk^ 1^ 


— 
687 


Rotating Table 


S jl -L^ii* 




Plan View 




689 


Waterborne 


C-LaiLl (Jj£la 


690 


Brush Aerators 




691 


Mixed Liquor Volatile 
Suspended Solids (MLVSS) 


^j^a-a (Jjla-a ^3 ojIaL Aila-a AjL^a ^a 


692 


Mixed Liquor Suspended 
Solids (MLSS) 


^j^a-a JjLa-a t J 4_aix-« 4_iL-a -ll^-a 


693 
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Surfactant 




694 


Counterbalanced 




695 


Air Headers 




696 


Genetic 


. til jlulball (Jj-^aVij ulAjJj-a]lj Jji*J-a I^ljJ^a 


697 


Bubbler 


SAxjiSI (jj-ata Ifrja *lj^-ll jUiljl S-iLjjl tlilcliia 


698 


Downspouts 


L-lLljaijl dlj-a-a IL-Jjjll^ 


699 


Scale-Forming Water 


J — AC. Jjjjj — 3 (J^ 1T1 lg_ljaijj i^-^JJ 4_jli-a ^jjjji-aj 


700 


Rejected Water 


liEilgJjj!!] <L15 JJC. 'i j jiia all^i 


701 


Finished Water 


2 ka-a ^ 4js1jlJI 4jLaxJ ^l^jll jut-ill ol^a 


702 


Methemoglobinemia 


JJO ^\ L-jL ^i-s l ■ n » ,-iJ jia^a jlc. jajji'lji 


703 


Dialysis 


C 2 ala-all 4 Jjjill dllijiJI Jj^aS I^Lic. jjx 

^V^a ^—3 jliill JJC Jjk-a ^ y Ul CAl Jj\ 

jjij i j.^i'i eLic. jjc. jLili^l 


704 


Gutter 




705 


Features 


t - tt 1 lit c 1 1* - J 1 t «■ 1 • 
J — gja-aj! ^_^a Llull > ul J l^yJ^ '^^>^ U^ 0 - 3 ( — ]l Jj-a 


706 


Slope 


I 1 ! . ntt 5 . t * tt - t \ *.t It. 
• a 1 a rcJa ui 1 g t 1 > r^J ^^Jil Ajjljil . jl.la_ll jl ^La 


707 


Pervious 


aS^lL ^ jjjalLl till jliJI jl «.Lai] ~ - ■ i ' : jjij 




Diffuser 




709 


Drip Emitters 


flVliii J iAj (jiaJ J.i*-aJ *La]l CjljJaS lljl!isLi 


710 



1240 



Blower 




711 


Self-Propelled Transport 


<jaLi 




Nitrification 


Cjjjjj j CjI Jij o^-jjoj 


713 










U^yi AiuJI Jc Jo f j£ ^1 j J4£ jJUJI QijL 










Total Kjeldahl Nitrogen (TKN) 


(J — Jj^J J JC 1 JJ^-gS/I tilLi-u a] ^aJ ^j^ j-aVI JJ^)^J 

^JJ^-jJ — <U>l£ l_jb ii^ 3 ^(P'^j tLlij-al Jj ^j^j-aVI 
liLjjjil ^'r^nTS ^al *l-s"nnlj 4\i -y\ JJ ojjljt-a 4 laml jj J^l 


714 


Guide 




715 


Dewatering 


djl jLmj jl jjill j jl «.l j$J j i ii^'lL «.LJI £ jj 


716 


Stripping 


A]] t£la Ol jx (>o ojlo £ jj 


717 


Disinfection/Disinfection by 
product ( D/Dbp) 


^jiuSl AjjjUJI gjl jiJI Jl j^l 2Lu-j 


718 


Food-To-Microorganism 
Ratios F/M 




719 


Texture 






Semi permeable 


ojjc SjJ^, i_j| jle 


721 


Depletion 






Saturation zone 




— 
723 


High Pressure Air Burst 


^ , u fl Jlx. C-IjA g-li-ijl ^Uaj 




Looped Or Grid System 




725 


Hazardous waste 




726 
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Permeablility 




727 


Junction 


^° U^J^ Cj£ ^ J^*° (j^A -0 (3 > ^>"li -Lallj 


728 


Deficiency 


^3 


729 


Best Efficiency Point 




730 


Node 




731 




^jjlj — aJlo j — a jj — £^J^> :<j-^t ^ a •> V'.' 




Bingham Plastic Model 


(J — J-a ^al j — all aLsj (Jjl i ■ lljm'il r-nl » aa t a i .-i j] 
1 fig ^ ^-°J SLaaJI j jLjVI J^ (Jj^ 


732 


Recessed End 




733 


Dormant 


4 1 1 .il j <i l_S Jjia JaLijll 


734 


Fuming 




735 


Maximum Contaminant Level 
Goal (MCLG) 




736 


Osteoporoses 


5_ass ^ ^ ^ :f u«a ^slu 


737 


Autothermal Thermophilic 
Aerobic Digestion ATAD 




738 




Clli 4 — ijU »1 — Clli <la — ^ : <jj^ 'JJ* 




Lagoon 


A JjJ^ jl 4_iJ-o^) j^'J^ 1 $ a J7 -^j ^i_ilu J 1 i a i) 


739 


Wire Fabric 




740 


Jackson Turbidity Unit (JTU) 




741 








Nephelometer Turbidity Unit 
(NTU) 


jiLa* -1 >^"...l . jlc. j JjIui CjLjji] AikJI Aji^JI 


742 
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Spiral Wound Module 




743 


Plaque Forming Unit 


CjI iijaJI *J (jJ jLo :^ljLL^i 11 Si j sJa. j 

o j a.1 q a •»■ ' 1 a , ^ , ^ .< , Jc. s olSll diLj c uill£ 


744 


Pint 


1 fll 1-1 — 1 Ls^^ ^* OJ^Li. ^aj ^Lj ^jI^joiII (_>jLji] 0.1a. j 


745 


Module 


jl ^''.'-^ Sni^Hj 1 _ i...<j jLxjI aJajj] Xtlxj 4 j i ii Vifli e.la.j 


746 


Slime 




747 


Unidirectional 


Ai^j JaJj aLajl 


748 


Logarithmic Probability Paper 


Jj^aj] j.^jjj (j^aLa. Jjjj : ^dij^. jl Aj]L>iaJ jjj 
Ajlii! AjjLlIa »JS Cjli l^jLiLu 


749 


Mean 


^cLJ! l_sLuujVI (_s-iajj j 


750 


Labeling 


J (JJJ— ^' U 0 ^LS tS^=- L)J^ >J J : f^J 


751 


Compression Joint 


4 t U.U i ^ '.1 dLyL-^aj 


752 


Tees 


T 1— SJi. (JSji Lj-J L_UjLjl iJlL^L-ia j 


753 


Interconnections 


Ajj^ dil.la.j ^jjj jl Ajumj L_ujLjl ^jjj dL^L^aj 


754 


Bell & Spigot joint 


L_flj — la £ a [_>iL£ (_J£joi aJ L_fi^)la (_L^aJ A \ > 

O^I^jj A] t_J jjji 


755 


Restrained Joint 


a£j-JI SaaLo aL^>j 


757 


Gooseneck 


S J^i aJ ,^1.0. M j*i ('• JjVl &) *1—J 


758 


Joint 


jl (jjJj^j! {jjJ jl A^T ^3 jj^j^-o iJ^-aiA cAL-aj 


759 
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Basic Cost Functions 


Ji<.M 


760 


Clear Well 


CjlA lu^)a]1 dl — £jjajj c-lcj :^iljal\ c-Lail frlc-j 


761 


Hopper 


A jjLi (_j jaj pic j :((_>« j-^-ii) cJSjill ^yt-oS «.lc j 


762 


Environmental Protection 
Agency (EPA) 




763 




Uw^^jW 


















"^L 




Encapsulate 




769 


Obligate 




770 


Oocyst 




771 



1244 



256 : ^1 JVl oUL^t 



.1. 



75 1 73 iX^/tfl , ^U^l 



450 Ijl/Vl 

652 : ^JJI ^J£)l jo- aJT 

114 1 75 1 70 :^jJI ^U^Vl tl4? tl43 tl33 ; oL^jIwULjNI 

1 70-69 :^^L^I ^L^-Sfl 200 c 158 

876 c 526 c 115 134 : U»j-Jl oLslJ^Vl 

71 c69 : J^^^JI ^L^l 38 : ^I^Wl obUJVl 

'475-473 :^-^Jl ^Ijh-I 465 : K fi\ 

111 

966 jUJl J~J> 3>^rl 

232 c228 :iil5c^Nl 
255 : JaVl ^L^NI 
858 : ^Lx^l 



469 : jJdl ^l^-l 

t839 t201 • S :j f II 

864 i 851 t849 



485 :^>UI jlJI ^Ij^I 
475 : v-^-jdl JJ L. 

91-89 oljLx^l 
161 :i^syi oljLx^Nl 252 



442 i^LjNI ilJb-jl 

1107 t 999 t883 :^LUjVl 

t 492 t 488 : i _^LL~Jl ^LtJjVl 
581-580 t 496-494 

734 : *LJI ^Liijl 

408 : j jjj^Jl j» ^Liijl 

50 : 

BOD _JI Oj! 
1 837-835 c822 : ^j_^>Ul 
865 

63 : ^x>*xJl 5j jSodl aJI j! 
784 :^UI JJ yJl aijj 
1134 XJIjJ 
348 : oUjUl XJIj} 
344 : S-SU^I ott^UI XJIj} 
602 \j>Js\ oL. o-jL. XJljJ 
782 : a^UI Uv^l ^Ij^Jl aijj 

807 : 5JjVl oli^Jt 

990 t 989 :iplk^l 

: l/? 1| oL^> 4^>JL><_3 k : .J 
991 

1133 : 0 LJI £>L^-I 



653 : jjl ^>JI oLo ji ju" oljL^I 
668 :oUjJjiJl oljLx^l 

154 :£jlL*l) 
759 : ^jUJJ ^LiJjVl jLS-l 
761 jL^I 
754 : oIj^cJIj ^1 jsJl jLx^l 
1004 : jli-jJI jLx^l 

761 ^1 

658 : JSI ^>JI i*y jLi-l 

163 :U£)I oLJjJjUI jL^I 

-156 : LsjL^Jl oL^ jLx^l 
157 

758 : jjy^l jLx^l 
760 : .Ij^Jl jLx^l 
43 :Jlj^Nl 
468 : J ^SLJI ^Jl Sbl 

749 :(OSHA) 
1012 :o^Jl oL. ijajl Sjb! 
352 : aJ j^JI oL<Jl SjP jj Sjb! 
405 : ijk^Jl i»U^Jl oljal 

6 



c895 (892 1 882-881 
1 1123 (1094 (1089 c 101 1 
1129 

849 : JsLJl o^^ 5 ^ 1 

850 (849 :,LiJl JLp j-^^ 1 

c 81 1 53 : ^11 ' 
c291 (289 c 105-101 
(866 (860 (857 c838 (564 
994 c 883-876 

43 :«JL-SVl 

563 : Jba»JI SJUil 

710 : jLx^Nl _ 

94 : ^ j! J^J JL^sl 

103 : j^UJL jl^I 

518 :c^£JI Ju~i1 

887 : ^jj^JI 

152 :^sLjJI ajai V L^JI 

69 ioIjlajJVi 

500 (498 i-jjjj^aJl oL^jJl 
87 : *UI ^ a\ /VI 

1134 : klu.ll dy.j&l 

147 : ii^cJl ^I^Vl 
143 : ^LJL XJ jiuJl ^I^Vl 



1133 :o^Jl 0 Lo ^L^\ 

938 :^>JI jl ^1 

675 :oLJl dil^l 

(263-262 : V ^J! oL. ibl$x~»l 
317 



316 io^UJ l ^JipVl 

t531 : X-^..J---.J1 J^i LkJS\ 
891 (889-887 (885 

(24-20 :»L^JI SjLpI 
1 1085-1084 c 1083 (362 
1136 t 1131 t 1106 t 1088 



819 :SjjJS 
915 :sL>JI ^jJu SjIpJ 
773 : Xk>«Jl p-^J oIjLipI 
738 (704 c 172 : oLxpNI 
666 : oLJl j^Ua» OLxpI 
172 : v yJt oL. oLxpI 
116 1 103-102 t51 

(104 " (102-101 :(BOD) 

(816 (710 d83 ( 179-178 

(853 (851-850 (841 (839 

(878 (874-871 (864 (858 



131 :AJIv_~Ai1 144 :oL-j^JJl JU^I 

377 :l~?J\ AJI ^Ul 1051 :jl.o»JI £>U 

741 c740 c719 :^„jL>«Jl ^oUl c857 t97 t95 c93 : L^Jj—Sfl 



732 : oIjujusJI - 

259 : ^LScuJl L_^UVl 

t737 :oLpLiiJJ 5jJ^_<JI Vsi^ 1 
738 



-1060 c 1058-1057 c 864 
1061 

744 :PE ^oUI 

744 : pvc i .til 



400-399 :dL^">LJl t-^UI 
744 



402 : iJ j^Jl ^oUVl 
162 : ^-^1 ^Ul 
166 : p^kdt ^Ul 
t398 t395 :<jxl!l jujl>JI ^til 



327 : v-UJl ^tiVl 
401 : ABS ^oUI 
401 :PE ^oUI 
137 iIS^x^a Ly-liVl 
150 I^I^Vl Jti&l 
291 :^jl^Jl jU>JNl 746 

194 :oU,/VI 383 : >JI ^ti! 

286 iJaVl ^L~J^/I 266 t 264 \\j>\^\ v-^liVl 

296 i^U^I ^2»Vl V L~JNI 327 t 325 i^L^Jl ^til 

til 
til 
til 
til 
til 



292:01^^1^1^1 790 :^>^JK 

267 ^Ul V L~JNI 810 :sl»»Jl i 

264 : JUiJl ^L~JNl 742 : gf>Jl jUl^I i 

292 t 284 :JjlJl>Jl V L^I 403 : SNjiJl i 



266 l^j^Jl l-jL-JVI 276 : tijj-i 

277 :^JI V L~JNI 745 : LsjJZ ^ s-^UVl 



199 : Ai^fJl Uaj] 

(449 1 131 : S L*JI gjjj LJkA 
-670 (664 (656 (649 c451 
671 

653 :jLS-Vl_ 
648 : lLojUI _ 
1040 :JLS]ISJI iJiiVl 
193 : SjjjsJI ^JL^cJl iJiil 
469 : v L~JVl ^Lka:i 
891 :5jj>JI iJ>Jl £>J! aJ^I 
965 : J^JI XJiiVl 
290 l^JI ^^Ni 
395 : vsi^ 1 tl^ 
883 : ^.j^Jl jl jj^l 
883 c881 :SI^JI j\yS\ 
882 oL. jljj^l 

99 : oUJI jj-jjVi 
100-99 : oIL-jSjj'jjI 
32 : ^IScuJl jljjVl 
887 (538 (533 (513 ijjjjVl 
489 I^-S^JI J^L-jl 
116 jl^I Jjl 

291 :0 J5 uJLj)M 



292 :oUI>Jl v L~Jl 

(697-696 : J^-IjJJ V L^JNI 
1007 dOOO (700 

796 I^LfcjVL Ji-ljJJ ^L~JNl 

(297 (295 l^L^Jl V L^JNI 
474 

445 I^aUJl uUNl 

487 :^>JI V L~JNI 

: jLjjVl j J jlJbjJI ^ V L^JNI 
284 

267 : J^l£)l V L~JNI 
275 : Ji£)l V L~JNI 
698 : y .jl>«J! ^L~Jl 
1130 :1"^JI V L~JNI 
274 V L~JNI 

469 : V >^JI V L~JN! 

274 l^Ai^iJl V L~JNI 

-231 (228 (224 : »LJI ^L~Jl 
(513 (465 (243 (232 
1018 (1016 

-375 (366 : JSl^Jl »L v L~Jl 
374 (453 (376 

(684-683 :o^aJl oL- ^L^Jl 
814 (810 (729 (705 

965 : jljXaNl <Jcu\ 

9 



890 : ^J^j^ ^jJuSUl 68 :^pL^]I Jj^VI 

76 :jjJLi> jjJuJl J> oJjUl 139 ^ 

: ^~*-SO> aJls j ^JuJl ^ JJ jLJ! 199 : Oj-^aJl oL« oLj^ip 

76 129 : ^ L. 

723 : ^I^JI oLo 5jb! ^ 1?5 . SiUJ) ^ 

650 :^U\M ^ 92 _ 91 ^ 

319 : oVjJI 499 • rjsU ft„ dji 

314 : 0 LJI ^15^ ^ 97 _ % . ^ 

80 (58 Ij-^JI JUL"^ t50Q tlQ9 t43 : j jJu _j^J| ^ 



876 :^jLx^/l *3 ^Jl 



875 (772 
81 : r U:N! i] y 



875 :!JU*Vl ^ 566 : dkLJbJl jjj' 

d42 :cij-^JI oL- jI^Ll-I ii^ 553 (41 :p-Jl£JI 

109 Oji' 
519 t52 :coj^K^I jjj' 
881 : v^J! 77 t39 i^^j^i ^ 

881 1Q3 t93 :aj j 1;)jJ J 

881 :SI>JI^I 81 oU 

662 loUJijJl h~>s_ 41 ioU^^JIoU 

887 (43 ip^U^Jl oLA^ 541 t93 • ^\ oUjJ J 

_ c _ 

989 

347 : ^pL^JI o^JI 66 : 



466 : j£\ ol^^Jl 
502 : aJjJ&JI ^j^^ 
83 :ob^Jl 
56-55 :oU^^5Ul 
151 : jlJujJl ,y>^ 

_ O — 

337 : ^USfl J5U 

50 

335 t52 1 40 t31 : jjkJl 

579 t 576 JiLJl 

510 JSjS 

103 : oUjJI 

912 :JUL 

908 : oL>Jl j-iJS 

908 : <JLS±JL _ 

: 4 la ... : <Jl ya !l lV*->- ^J>J^i 
909 

651 

1003 :«^kdl 
940 : 5jl^>JL ^Li^Jl 



66 :oLj^Jl 

115 idiJ^j^Jl 

95 1 75 1 73 :oLJj^l 

942 :s^uJl 

772 c 143 c 125 : L^-^JI 

131 l^Lk^Jl Ljj^JI 

129 : Uik]| L^SJI 

1 159-158 : i^jJjJJl L^SLJI 
170 c 162 

131-130 :c^£Jl 

127 : 5-Sl yOUl oU^Jl 

133 

130 : L^5CJI 
129 : iJl^l L^Jl 
87 :^>UI 
66 i^jJI 
104 : jJLsjJ J^JI 
503 t99 :oLL-y J^JI 
950 t947 :^jJl 
948 : dLJL ^^J^ 

502 

1 



408 : JH\ ^>JI oL. ^L~Jl 

tl098 t403 >L-^JI ^.j-^J 
1119-1118 tlll5 



406 : jJ\ jjjZJ 

408-407 : jJl 

oLa iif jJu ( j^a ; uUj 

75 : l § J f£J\ 
127 :^>wJl 
132 i^L^Jl 
132 : ^1 ^Jl 
226 : ^yUJl ^jjJl 
226 : ^^SLJjja^l ^jodl 



-249 

c296 t 292 t 266 c261 c 25 1 
451 

676 : oLJl oLU^ 
348 

342 : o^Jl oL. ^>J jJl 

686 i^jdl 

692 : o^aJI oL. 

t 489 i485 t 472 : ^^.^jJI 
c514 t 509-508 t 502 t 497 
i772 t 769 c554 t551 c528 
799 

497 : Ja~J! vs-jdl 



934 : .Ij^JL i 

717 ! O j-vaJl oLo ^«j>tJ 

452 : jiyi }st*d\ 

353 : *LJL 4pL**JI 

364 olj-^jJ 

928 i^lfJl j^.^ JuJl^J 

895 : ^j->Jl JUJI 

1003 : y.jUJl ^ ^^dl 

70 : ^1 y^^Ul JUJI 

115 JUJI 

: i5L^J ^j-UJ! JJ^J 

262 t 260 

112 :j_JJl JJkiJl 

37 t31 :»LJI JJU; 

936 : JaU^ :>L— J! Jj^-dl 

1101 c514 i63 t60 : JJ^}\ 

500 

t 89 i64 1 62 :^sL*-£Jl 
1052 t772 t497 i486 t 149 

t 529-528 t509 t498 : ^JLioJl 
604 t 554 t 533 

611 1 160 I^JU-S^I 

467 1 91 :oLJl j&j 



592 t 587 l^j^LJl^^J! 1026 : JUiJl t-^-^Jl 

t 749 ^~Sy 1134 ^^^1 

751 

673 : olJbJudl J 

142 : JjJ^\ jd\ 
36 :.UJ ySU-^l 
752 : jjJJl 
998 : U^JI il^JI jjjji 
956 l-V^ 1 
419 

74 : ^^JJu^l 
93 i^JjjXL^ 
284 : i^k~Jt 0 LJI o-UJ 

-508 t497 i490 t487 : ^ 
651-650 t574 t572 -57i ,529 t 509 

99 -^UH ,».,,^| HOI 1 1030 t 586-585 

494 I^/JjjJ^I J^JI 834 c813 : ^j^l ^Jl ^-Sy 

476 : ^LJNI c^U 835 : ^ ^ ^1 

87 :^lc-ii3 1031 tl027 : JliiJI q^^I 

700 I^L^vaJl '835 :Jsl^JI eJj~>Jl ^ 



668 i^-^l 

1134 

835 ! kJLloJl j-^Jl ijxJl 
944 : Ja^l ^JS^I 
1 132 : ^5LJl J ^J. j£\ 
1136 1 1134 :^j^SLJl q^^I 
486 i^r^xl) JjUI (---.jdl 
1049 : (jSU-SOl vr-j^ 1 
485 : Ja^ 1 ^O^ 1 
769 :oLLiJ! , -J 



297-296 : yj\ ^J^; 

651 : ^iftl ^J^; 

725 



837 

1090 \J\^\ j£\ 
480 : ^iLJl ^ _ydl 
587 ! ^5w>Jl (_j ^~JijxJl 



.Ujl^jJl obUJl 385 : JaLJI ^ p.^; 

56 :a5JL^I JpH" 1029 

43 : «Jtj^l-Sx~si» otApli; : L y>-A)l o^Jl lSjW-* ^ 

720 



56 : A^ 1 

42 o^fli 
44 : ((SOpli-^A*^" o^pli; 
46 : iu* jSCJl jJ> ot>ULidl 
42 t39 : iuSL^Sai o">UUdl 



842 : sU>Jl 
844 c291 t289 : ^jl^>Jl jJaJl 
948 :j~*xJl 
102 : JbljVl JjJbu" 



56 1 50 1 43 HOI '668 : p-Jbdl 

48-47 : JjVl : oLjl >^ J 



49 : v^Jl o^UU; 
47 : i^L^JI otApli; 
44 : jUJJ o->ULidl 
876 : ^1 ^oUI dKidl 
876 t 75 dKidl 
603 :^^JI J*Jc]\ 



185 
1136 t 887 

149 : ^>rl^. Jl oLoJl 3;^>tJ 

884 : ^jUJl jijdl j»^u- 
320 : p^dl 
-1038 t 542 t518 : oLJl ^JUJ 



98 : iJjJJ 1 u- 1 ^ 1 1039 

164 £jJL" 884 : o^Jl oL. »JUJ 



174-173 c 165 i 162-161 
161 ; ^yLLAJl ^^ji^iJI <L 



503 :^>JL iiiiJI 
t23-22 :^j^>Jl ol~Jl oiAJ 



174 : ^SLSJJI ^J^JI JLi; 1136-1135 1 1133 



.490 : ((^Ij^Jl-^UD) >.<Lk.-.:Jl 
.599 1 597-594 1 493-492 
1104 

493-492 t 490 : ^LksJl 

1006 ijj^Jl *L»«2J *Jitf 

.772 t732 c712 1 131 : oj^Jl 

.842 t 839 t 836 t 834 t 824 

.855 t 852 t 850 t 849 c847 

.866 t 864 t 861-860 t 858 

895 c883 c873 t 871 

845 : ijUU&l ijfJI 

893 c837 t^j^l ^.J^ 1 

853 : ij^l SjI^jJ! ^.j^Jl 

851 : ij^Jl 

201 : o^J! oL. hyf 

.858-857 :i^L5^Jl oj^Jl 
861 

39 : (jSU-^JI Ojl jJl 
40 

41 : ^JU^^Ul oUjl jiJl 
40 : i^JU^uJl oUj! jJl 
407 : *LJI gjji 
392 : oJl^JI 



1 161 :«^LJJ! _^jJl» i^iJ 
321 i 170 

320 : ^Li jj>J! oL«J! i>JU^ a^lHj 

373 

28 :jil5cdl 

t 502 t 498 t 487 : j J SL_^Jl 

1037 

480 l^Lx)! j05cJl 
481 : j05cJl 
785 ^^Ij oU^dl 

148 

327 ^jJdl 

668 : c5j^>Jl o}Jdl 

t 284 l221 1 101 :»L^JI ^3_L" 
t 670 t 609 t 573 i465 t 286 
1090 

t878 t332 oLJl 

1007 

509-508 : <_^Jl «U ^^L" 

1023 : iJJ^Ji o^Jl oLo ^Jj 

392 : vrij^Jl olJbJUiJl 

1 1134 1 1132 : L ^50JI ^LjJI 
1136 



30 i27 :jjI>JI 

151 ! O jwaJl oLo j^*^" 

la . ... . II Ja_J» ■/? \\ ^Lj-S =»- 

223 :(>.jjJl) 

155 :LojL>JI 

-147 c 135 :L^L_*N LojL^Jl 
533 c 148 

t 554 t 552 t 500 i79 :^^>^l 
1037 i955 t 943 t 607 c598 

467 : ^1 vjr^ 1 

-c- 

76 : jjJUJl ^ Xj*Jl 

786 : SJjVl oly>^Jl 

c786 l^^Jl J^JI ol^>^ 
787 

786 : ijUJI ol^>Jl 

147 :oLiGl 
684 :o^Jl oL. 
778 li^JU^J! olJ^j 

87 1 84 1 81 IJbJ^Jl 
82 :dJL,JuJL>Jl 
469 : JjVl ^J^JI 



328 :3-,UJl 

-_.L_ftl olS o^L_^ > jJI 
328 : ^1 

290 : j^U>Jl oljLJ 

104 : jjiiJl 



518 :^srjyz}\ Jbjjl* oJL* 

886 : o^SOl JL~si JIS 

t 56 1 54 :0j->^<Jl 
(.116-115 t80-79 t69 
t 850-849 c549 c500 c291 
876 

-529 t526 ijjiiO! J^S\ J>[5 

887 t 538-536 t 530 

70 : jjtJI cJji 
871 :5^JI cJjill 
103 : cjbjjS j-iJI 

-c- 

738 ; J j^>j>wJI 

158 :oL. J j y >Jl 
150 : (^j-uJl <p ^ 



900 :^rj>JJl 5JU SU>JI 
910 rfciiJI sU>Jl 
915 : y „jU«Jl sU>- 

c770 (.711 lUs-J^^Jl sL^Jl 
t 864 i 845-843 t 839 c835 
c 881 1 874-872 c 869-867 
1136-1135 

893 : i^L^Jl sU>JI 

385 : *JU-Vl i;U^ 

1025 : M\ ~A^]\ ^L*- 

385 5^ i,L^ 

567 : ajJl£JI iUp- 

344 




47 : oLU^ll 
46 : lsL«~&\ IS ^>JI 
733 i^L^JMl V L^~ 
655 ! i_ajj./? til 4 tr »S' ^jL~^- 

317 

901 : j^Uj-jjU oLL^~ 
150 : oU>^JJl iUi^ 
788 :^j>L>Jl jU>Jl 
383 IjLNI ^ 
749 : jal^Jl >~ 
383 : L ^J JJ wL f ll ^IjjaJl >>JI 
1136 1 1133 : iJj^ 1 ^ 0^ 
909 : i^sJl oU 
133 i^LLdl l ^>JI 
897 : ^ ^1 sU>JI 
961 : aIsUI sU>JI 
918-917 t773 : o^Jl sU 
898 : f UJ! o^Jl sUp- 

98 



. ^- 890 :dLjy^,y}\ L 



127 : ol 



245 : aSLLJI 



659 : oL<Jl ^ j jj ^Uii ilaj^ 

769 : o j^ol oU>- 
469 : JlJcJI 

801 c471 

4 la ... jJL^Jl k_ww^ j-^Jl oLjlj_>- 



112 idUJjiJl t 
100 :dJLi^£Jl t 
102 :>^JI t 
69-68 IdJJj^l t 
54 : dLJ^^Jl t 
52 t 
112 IdL^I t 
c516 c93 Ijjjji^j^Jl L 



841 c201 : ijj-fjJl oUI^ 
865-864 t 859 c855 t 853 93 i52 : dLjjtij jJL^J I t 

872 t 868 



80-79 i 78 



893-892 : o^Jl 




438 817 :i^Jl iL-jVl 

377 : iJUcdl i» jSai- 

224 :**>UJI 

126 : 5^ l*>UJl 

778 :i>JL^Jl 

132 : S^^Jl 

293 :5jjljjjVl J^lj^Jl 
293 : Jai^Jl J*lj^ 

1040 :A f >w2Jl Uj^, SjSb 293 :5jU J^Ij^ 

1109 :LJjjiJl5 S^JIa 885 : jLJI V L~JNI 

245 :;sUa)l Jio 133 : UiJI S^lcu oUI^I 



51 365 : 

114 t 75-74 :jj^jJl 

~ J " 19 : ^sLJl Sjj jJI 

:5-5o^.Vl V 1 ^ 1 ol^Lti^l aJ^Ij 20 1 19 : JLlUI SjjJI 

668 200 c 137 

667 :»LJI i^Jlj 16Q tl5Q 

748-747 :oU;i U9 tl43 :5sMU| .,^ ( 

442 : ^^Jl ^ olSISj 149 . -^j, jjjy, ^ij^jji 

1010 .Li ol*Ji~ 73 -j^L^a 

700 c698 c696 : ^1 109 . oUj^jdl 

94-93 I^Ij^Ko 

69 : ( j j^SM) j >u5 J-~~jJl 



c555 c552-551 :b^l ^ 94-93 : jjjj&p 

598 



790 t 786 ij^Jl J^l 
565 3^JI J- j 

66 jJ> laAjJ\ 66 t64 :o^^Jl oljj 

66 :sajuij| J^lj^Jl 68 t66 ^jj-^ 1 ^Iji 

42 :5j|jiJl jJ> 31 z 

503 : (jSU-S^I alJL.>l oiljj 30 : r^^ 1 

1114 :^LlpVl 30 



1100 c 1083 : JbaydL &J\ 



30 :^j^Jl 
3 » : o-jj^l 



c 1087 c 1083 :^\jyJ\ £^Jl 

1122 c 1100 tl096 292 : ^jiiJl jLji 



474 : SJ yUJl ^^Jl 
408 : j jj^Jl 
574 (445 (439 :sl"^Jl i^LJl 
75 : iljj oL^SL- 
73 :jjLLJ\ 
16 ; ,jj x«j>t>= tJoj^Jl 

16 1 15 
503 : a jj^ j-yail ijLSvJu^ 

— 511 I Aj-Oj ./? \\ J_J Jj_l_9 j_SC-_l_w*» 

512 

837 : (Psychoda) b 

- lT 1 ~ 

18 tL-jjLi 

662 : j*-^>^Jl oLiLi 

(606 (556 t514 (503 : ^_^Jl 
610 

498 : Ly.Vl 
498 : ^UjJI Sli 

327 

(398 (392 (389 iv-wliVl iSLJi 
648 (449 



1086 I^J^JI £J\ 
1083 :^xJl ^1 
1087 :^JI oUk^Jl 

584-582 

(892 (885 (878 : JiLi^Nl 
1102 (472 



282-281 : -jS ^\ 
518 

282 : J j^jJ>\ yj 
476 : o^SGl yj 
114 :ojoII 

- - 

383 : >>JI JsL- 
225 : JsUwkJ^U JoUJl JSLJI 
164 : i*Asoi oL^L>^ 
264-262 : *LJI oLj^ 
760 (743 olilJL- 
472 : UiVl ^^~JI 
296 ;VI 5p 



420 oLoU.^ 

419 >)l oLoU.^ 

423 :^ui\ oULw 

-443 : £j^>J! ^kUl oULw 
444 

419 oUU^Jl 

: 4_£j>- j_«Jl <u_J jJJl L_aJ oLoLw? 

435 

424 : 5 jJwaJl if?- j-Jl oULwaJl 

104 : oLo^5jJ ^>jj^jw2> 

1016 t 992 t 990 t 725 : ^UaJl 

132 :<--il:Vl 

390 :»--AjVl &r5 ^L^ 

1015 : LfLkjj y„jL>«Jl ^U* 

t 672 t647 :i-jL»jJl iJl , „^ II 
1013 t 990 

-J 9 - 

619 :^yrL>Jl J*pUJI 
955 i^^JJl JapUJl 
951 t 949 :^I>JI £-5^. 

649 JU;NI Ja^ 

487 : V L~JN! i*^ 



390 : ^jjiJI ^oUI ^Li 
170 :^jjill ^ ^u! i^J, 
114 :»*JLJI 
658 :«LjjVI jls-j ^k^JI 
888 :LJU^I 

354 :o^Jl oL. 

224 :jikJI 

434 : J^iJl ^U-l ^Ujl ^U.^ 

422 : 5-51 >)! ^Ue 

791 t 443-442 : ^kDl ^Iw, 

647 t418 t365 : oULwaJl 

419 : 4^)11 oULw^Jl 

437 t 430 :^LJJjVI oUU-^ 

419 liljJl oULw 

: J./jjpjuJt jljfll 4jI j-JI oLLw? 

419 

438-437 : ^1 oUU 
426 

t 424 :JaJ^Jl ^LJ^" oloL-^ 
437 c429 

1 



746 : iapUJI 

tl42 c 134 1 125 :oJ U k II 
203 i 157 

141 :iJudl 5J|j ^JUJaJl 

620 : *UI ipj^ oL>JI ^> 

956 : Sij^JI 5Ju«JI oUl ^> 

1 110 1 20 : ii, II oL^ ^^J, 
1130 c 1083 

92 : jjIiJl jjjj -jSy 

161 : ijl ^Jl oU jJ jUl ii> 
92 : jjJlAJI j^l 
99 

667 : 0 LJI ^> 

-I- 

331 : Vr JL)l oL. ^l^. 
274 : oLjol WjJ ^Ijip 

274 

274 :^>JI jIjlJI 

12 



487 : jijdl Jw. 
660 

964 : i^^Jl Usl ^1 Ja~^ 
506 : U5l j^JJl Ja~^ 
660 : frLJ! i>Jljw Jaw? 
723 : O jJcJl j^Ua» Ja-^ 

384 :^]| 
403 : jJl j<w> 

52 : ^UjjUl Jai-viJl 

255-254 t 253 : Ja^ 

224-223 : ^ j^Jl Ja^Jl 

445 t 263 :JjSLJI Ja^aJl 

375 I^JjJl fUu J Jai-^JI 

t 250 t 223 i221 : >UJI JaJ^ 
419 

445 : JJ^JI Ja^Jl 
224 : jikJl Jai^l 
224-223 : ^UJI Ja^ 
226 : iiQaJl ^U* 

_!>_ 

242 I^LS^Jl iiQaJl 

>2 



c 534 


(466 1 79 :SjjJ^JI 


272 :^Uo>l 




1090 


(604 (586 (544 


737 (735 l^L^JNl 




90 t 


88-87 : *LJI ijj^ 


523 iJ^flJl ^L~JNl 


otalJip 


8 




274 IjLJI 




88 




276 : Ju^Lidl Jai-^aJl 


otalJip 


88 


: J^JI *LJl 


650 :oLJl 








275 


^blJuJl 



274 :obb ^1 oL/ 
576 (84 t80 :S^J! 
37 : oU jj^^JI o^^c- 
37 : 



40-39 :«J*i-ik5» ^^U 
249 >p 

225 :£Lfc,VI jIp 

226 : 4Pj^Jl jIp 
249 ij^SLJl jIp 
225 :Jai*iJl jIp 

225 : ^jj^JI jLJl 485-484 : LsUJJl al ^Jl S^p 
65 :^sJI oLUp 200 ^.^Jl oLj-^JI 

28-27 :^5^ 

189 



-79 (42 (38-37 : *LJI S^. 
(597 (556 (551 (467 (81 
1096 



367 : JUuiVI J^lj> 

-t- 

52 (30 :LJ_^Sn jU 



: 4_jljj&">Ul 4jj^j>«Jl oLj_vijJl 
129 

128 : ijSl ^jJI ^„^>-Jl oLj-^Jl 
201 '.^ij^s]\ oL° oLj. |f ?c- 



113 132 



73 

605 : p>^\ olii 
132 1 125 :oL>iJl 
909 : .1 j^Jl oUUu 
259 c234 c232 : , 



904 i 901 c496 t 277 c264 

649 : 0 LJI JlSa 

228 iJi^lsJl objiiJl 

260 c233 c228 : jJuJl ob^ii 
262 

228 :U5GI objiiJl 

511-510 c466 t91 :jj_LiJl 
585 (513 

18 : .J .J cJijj^- tlj^ii 

550 (525 (512 c510 : Sjj-LUl 
585 

514 :*LJI Sjjii 

513 t511 : j.jji^yaJl Jbjjli 

69 : wL^jwdUj^iJl 

866 c 101-99 (95 : jjJ-^jJJl 
1046-1045 (993 (876 
1095 i 1084 i 1072 (1049 
1129 



523-522 : jjKJI jU 
51 :0UlJI jU 

782 :dL^->L)l ^ 

ol ; a oli jl . ./? 2 11 J_>_.1 
782 : J^^LJL i]>J 

oli L5L:L5L> LLJ^JI J^l ^Jl 
781 ; LgJLwis oUii 

61-60 :oLj>Jl 

: ^1 t «UJU i*jl5ai oLj^Jl 
63 t61 : A^jijj^Jl oLjyJl 

61 : aJlJjjJu^JI oUjjjJl 

t 494 1 492-490 : OJ^Jl J^-JJl 
591-588 c582-581 (496 



743 1 741 :^->Jl jUAJl 
73 ij^^l 



100 



443-441 : Jai^Jl ^1 Jv^U 
441 :*I_^JI J^li 

440 : "^>\j^\ i j^ill J-^li 
761 t731 (729 

489 : >\M ^ 
440 : Ulj^l oIp! >J1 



452 : j^U- jl>J 4~j>JI 

376 : ^ai\ oljJi 

376 : oLJl 3*4*^1 SjJi 

453 : v_^Jl SjOi 

452 :A f >JiJl oLJl ^>^, SjOi 

454-453 : ^iJl SjOi 

273 :oblJbJl 2*1 y 

i471 : oL^JL J^JI ^UiJ jl ^ 
475 

166-165 :MPN 4±J 

138 :i2Jjdl oU^UJl 

469 : V L^JNI 

467 : ^LijJI 

79-78 i59 i55 : i^JLiJl 

58 : ^Jlii) yJJl ijii 

57 : *LJI ijli 

58 : J^uJl ^ 

t277-276 : v^^Jl JUijL SLS 
780 t 740 

t 734 t 277 l^JjL-jUJL SLJ 
740 

277 : o- jXjLJ! i^jOwaJl SbJjJl 



100 : j../?.»Jl j jjL* jiJl 

276 : oUy 

-645 t 447 :j_Sl^Jl oL*jJ 
653 t 646 

367 : Jl ^">U 5JUUJI o& 

c 140-138 1 125 : oL^j^-JJl 
155 t 151 i 144-143 

154-152 :hy^J\ oL Jx ill 

82 

80 t59-58 l^JliiJy^l 
- 3 - 

842 : oL>Jl iJuli 
497 c491 :^^JI SJLpIS 

<_£ j_ v2 jJl j_Jl iJ j_o->J| j jJU 

346 :U£)I 

294 : j y\i 

i315 :*Jl£JI oLJjJjJJ! jjJLi 
320 

318 : 4~>r)g.Jl oLJl 4^JU» jjjli 

334 : oUi^J! b jJli 

i_>«Jl ^l^cJJ c^>Jl by[j}\ 
533 :i^kJl oUJJ 



102 : Jbjf-Jbijj! 686 : o^Jl 0 L* 5 y 

108 : c 160-159 c 125 : ol^JjJjJUl 

1095 t888 



102 : >LU ^Lil5 



J; 15 



97 

876 : u^tjj-^' ^.j^ 
500-498 i^Nlob/ 



c 163-162 :<j}\jJ\ oLJjJjJJl 
345 

162 :U£)I oLJjJjiJl 
164 : Sj^I^I oU J jUI 
758 : ^jUJJ ^LSJjVl ^Li 
780 :^L~JN! , ^Li 



t93 : jj-bwl>J! \ <^^->.j-^ 

109 272 Iv^-Aftl <y _ 

-500 t498 :jjJbJL>Jl olu^ 276 : *UI ijait ^ _ 

503 t501 



-500 t498 :dJL,JuJL^Jl 

501 

108 : iuuil ob^i 



276 : 4^ jxiJl ol _^iJl ^ _ 
736 c733 : y „jU«Jl ^ _ 
82 : *LJI ^ JbO»Jl ^LS 
57 : ibjliJI ^LS 
498 102 : j_JI ^LS 

291 1 115 : ^jjJL^Jl JLi^ 261 : iy^Jl ^ 

868 : i:j->Jl ^ Lfj ^Jl Ju*oJl 2UJ 

68 c65 : JuLNl Jj^JI £ jV f 

68 : _ ii _ 

67 :i-U ... „ . . . .. _ 

110 : ^j^Jl j^JI 80 



-521 (.516-515 : JJLJI jjliCil 
522 

87 :cJL^I jjiS 

93 : JaJ^Jl j^l&l 

526 lolj^iSGl 

887 l^ljjisai 

501 : dJLJbJ^I 

(528 t519-518 c515 : Sjj-liUl 
(570 i 563-562 (550 (535 
1 1102 1 1040 1 886-885 
1104 

520 I^jjSlI iJail SjjK 

87 : p^-U-jJl oLj% jjjKJI 
529-528 IpyjjjiSGl 
526 : f-jja^l ^.j^iS 
104 : cj^-U-^JI wbjjiS" 
503 (498 IdLJUJ^Jl 

30 : Ju j j)S 

501 : ^l^j&l J^jjiS 
278 : L yL^Jl OLi^fJI 

697 : ►Ul ^ij '^S 
87 :^-bcJl cJljSGl 
418 :^Sj£±\ 



ill 10 1 1 1 1 c 109 :(TOC) 
1132 

531 : Ji£Jl ^^J! j^JI 
110 : J&\ djij&\ 

c510 (507 :Ja_j^Jl Oj-^iUl 
605 

59 toU^SGl 

-606 (41 :p~Jl5Ul oUj^5 
607 

69 iJJ^I 

75 (72 ioIjJLa^^JI 

1 156-155 : ^Jbjj^yu^Jl 
887 c533 

135 ; ^jijL ^ jjAjj ^5\Jl 

961 (943 (937 :sL*Jl ^5U5 

264 :iJUJl 

245 : ^^Jl S.US 

c501 (466 c93 t52 : jj_LJUl 
-528 (521 (518 (516-515 
(564 (544 (539 (531 (529 
(995-993 (885 (574 (571 
1105 (1094 

574 (94-93 :^>Jl 



1267 



524 (.518 t84 : jjJlSGI ^JLjl* 
886-885 

910 :ai5S]| ^ oL^io 

474 : ik^l5 ^L^Jl 

739 1 731 1 199 : y.jU^Jl 

697 :^>^l o^J! (5jL>^ 
721 t 700 

721 t 720 :^i^Jl oL. ^jL>^ 

724 : iJUJl y .jU«Jl 

724 : UJ^I y .jU«Jl 

724 : wyJl ^jU«JI 

725 : l^A ^jU«Jl 
741 : L ^w^l o^Jl y .jL>^ 

731 : JjuJl y .jL>^ 

(NRC) v*. ^Jl ^J.^ 

822 t 820 

161 : jj^l ^ j-o- 1 ?^ 1 

673 :*UI a&UmJI 

76 : vlkJl JJU«Jt 

777 :«JJlJI 
470 : olp^J! ^Jcu di^JI 
1008 olk>^ 



152 1 133 

69 loUy^l 
27 :*U^I 
65 : ^j^bJ! 
147 

160 1 151 :oLjIj^VI oLi 
537 c 148 iljJjLjJl 

611 : LL-^I oLi 

- J- 

73 

336 : V ^JI oL. jjJ 

-r- 

80 :s^J1 ,UI 

207 i^;*!^ ^UJI oUl 

c 439-438 : V L^JNI alJUjI ^Jl* 
444 

440 :i^l5LJl 
82 :dLJU:LJl 

<_£ y^t-oJJ 4JJI J^_p dii_<Jl 5 j-ily 

16 1 15 
549 : Jj^JI olJLjJI 



41 :^LJI jJ- Jj1>«JI 
102 : jjUc-JI obji Jjl>^ 
41 i^LJl J 
56 :JiuJl J jl>«Jl 
719 :^jL>«Jl ^jL^o 
481 1 63 i^U-Sai ji^Jl 
42 : cA 
480 : Sjjj-Jjj ol 
501 : dJLJbJL>Jl ol 
498 :5JJ0cJl 
149 :iXJl5LJ! ol ^S«JI 
376 : jj ji^Jl 
726 : y.jU^Jl Jak^o 
726 : _^jU~Jl Jl« 
718 : v'i^ 1 
: *LJI ol^JN ^j-Ua-Jl sjuJI 
375 

718 ; o j^aJl x^aa J^-JLa 

255 : S^JcuJl oLp^JI y > 

j» jJoJJ _}j>*J1 JU-e dJiLJl OjwLo 
16 1 15 :a-x2JIj 

507 : oLJJ ^Ui^Jl (jlUl 

1009 : oLipNI jil^ 



738 :^pL^II 
853—852 ! aj<^ j>3 oLk?ij 

763 :o^Jl 

c420 c376 :^ ,/> 11 oU^. 
791-790 t763 t 746 t 726 

388 : LSwUyjVl ^viJl olk>^ 

764 : U^JI 5 Jr i>Jl olk>^ 

900 : i^JuJl sUjJI olk>^ 

656 : oL<Jl ^5 oLk>i>i 

645 : JJ^I _ 

679 : olk>^ 

! la-. ... . Il £_9 j]\ oUt-A^ oLkj>*_o 

387 

t 746 t420 :i>JL^Jl oLW, 
1014 t991 

665-664 loLJl i>JU. olk>^ 

679 :^Vl_ 

664 : ^j-UJ! *5^2ll - 

349 :<jxJl 
108 : ^UJI j ^jdl J jl>^ 
503 : l_JIj J jl>^ 



t803 1 801 :i_Jj^l oLij^Jl 
865 c853 



: a_JL*z}\ il j_<Jl ^LojJl t3j j» 454 : ^*aJl Jil y 

664 : £p jJL jvi^Jl aJI 
758 : J^I^JJ ^J^Jt v 1 ^ 

320 

1034 tl032 :oU~^Jl 
1027 : J^L-jl oL>^ r 

836 1 815 :^y?^J! 
497 :*JUfcJl oL>^ r 
496 :Ja^Jl ol^Ji 




145 :jl£3I V L^JI ^ r 
27 :oL5^Jl 
40 : Jci\ oLS^Jl 
112 :SjLkJl oLS^Jl 
1 72 1 66-64 :^.j^Jl oLS^Jl 

200 ao9 aoo 



437 

316 :OjUJ t5 *LpVl tijX^Jl 
669 ^~Jl 
509 : Ja^Jl J J->—< 

889 : JUJI Jai^Jl 
890 liu-jxJl ia^viJl ^oU 468 :iii*JI oJIjJI i^j^Jl 



1136 :h\U\ oLS^Jl 

966 : 4^J| ^Jl X^j/ oLS^Jl 

65 c31 lij-^OUl oLS^Jl 

: ol JuJI ^.^Lp^UI oL^JI 
1136 



252 

388 t 240 : Ja^l £ J\ olk^ 

453 t 403 : JUJI £ ^1 olk^ 

241 : ^Ij^Jl £ ^1 ol^ 

764 : i^l jJJl oUwi-J! 

799-798 :iJ^JJl oU^Jl 

c253 :oU^Jl S^Jclo oU^L* 
795 

240 : Sj>J! oUw^Jl 

t 243 t 241 : sJuLJl oU^^Jl 
793 t791 t764 c404 t 248 

241 : JjjUJl ijy Ul oU^Jl 

t384 l^^SUJl L'UJI iiwLjl 
388 

388 : fLJI J^J oli^ 
503 : ^>JI j^ik. 
225 : ijl^Vl XJaU-. 
43-42 : ^U-Syi jjl jJl aJjU* 

282 : 4jjL»1<JI ^^^vS^Jl itaLca 

231 

266-265 : £JL ibl^ 



-889 : ( _ r ii^_Jl Jai-^JI ^Uo 
890 

361 

352 :ojliU 5-kUI j^U^Jl 

352 : ^jJdJ Ua^l ^U^JI 

469 :oIjuaJI 

313 : ioUJl i^Jl i>J^o 

t 664 t385 t240 : oL^^Jl 
795 t717 

: JJjJIj oUI oU^o 

240 

240 : oUw^Jl 

241 : <J jj>JI olk^ 
241 : Jjja jJI oU^Jl 

241 

241 oU^Jl 

: 5_J jJLlJI <Li-jj yJt oL>r ./? <Jl 
403 i241 

793 t 252 
900 t 803 :sU*J| oU^o 
240 :5JUJI oJl^JI ol^ 

1 



81 :^^\ 

55 '. tLJI 4jjJi (j-o^J OjjLiw 

: ^ ^L) ^jUJl jJ^Jl 

774 

469 : aLJJ io^*^ 1 jd.^ 
322 

800 : {J >^J\ (-^xJl 

255 : L_i>^dl J-Oco 
281 : L ^Jipl OIj^t J-bco 
255 : ^viJl J-b^ 
51-50 : Jplid! Jo^ 
472 : ^^LJI J-bco 
677 :»LJI oN^co 
318 :^wOcuJl 3=rL>Jl p^io 
750 ^li. 
267 :lllSc^l 
248 : jL^Jl o jLi« 
469 : SJU-b jLio 
964 : ^ ^1 v_Jii. 

223 '. djij y_ (j-"^-^ 3 
286 :J^Ll)l (j-UJl 



234-232 :yUj jjU iLU* 

85 o^U* 

: o^Jl 0 LJ LaJiiJI i>JUJl 
1024 

788 : b zJ>^\ y)\ i>JU. 
485 : aJU^I i>JL,cJl 

1023 

c516 t512 (465 : »LJ1 i>JL^. 
(539 (534 (532 (530 (526 
670 (610-609 

(487 li-Jj^Jl oL^Jl i^>JL^ 
-711 (583 (549 (507 (497 
712 

(507 :;L^Js_~J! oL^JI ^>Jb^ 
605 (528 (519 

(351 d34 :o^aJl ^JL^ 
(989 (779 (772 (770-769 
1104 

507 : '^x^\ 0 LJI i>JL^ 
280 : oLy>Jl 
265 : ij^Jl J,.^ 
50 : !j| ^>Jl 
296 (294 :LjjiJl 



t 253-250 :^Lj*aj-j\* 

262 t 255 

242 




158 :i^kJl 5-sLJI 
648 t 645 :IAJ\ oliuJl 
15 li^^xJJ ioyJl iJalJl 
87 1 84-81 :jjJiiJ| 
853 : iiCJlSLJ! olI^Jl 



738 : o j^aJl oL» ^->L~Jl Jjjco 
796 : 

: ( JLa jjLJl) ^yLjjJl JaJwaJl ^LJLo 

223 
85 

-92 c83 :«jS>^l (j-Li" 
93 

85-84 :JjU\ t_aii.ll ^U* 
93 t 84-83 :^^JI (j-UJl 
366 : jpl ^>Jt i>*ilSCa 
365 : ^tJl oLJi- k_^5^. 
280 : ,Jij*S\ u ~i^\ ^$1* 
470 :UIji>«JI oIjJlJI 
139 :Ijj~£JI oU^lU 
1038 c 143 :oU^UJl 





1041 :^LJI 






144 




130 :U^JI 




145 




107 






385 


: iw>Ja~Jl oL«Jl J-*^-° 


107 






255-254 




106-105 








255 ! i_ajj./? jl l ^>c^ 


710 c 106 






284 





178 : ZjLJ\ ^Li^Jl 0 Lo 

188 :^pL^]I »L 

-292 till 1 81 l^j^Jl oL*Jl 
t320-319 t 296-295 t 293 
-534 t519 c466 t 382 t 329 
t 571-570 t 566 t 543 t 535 
d002 tlOOO t 588 t 574 
t 1099 tl087 1 1085 1 1015 
c 1 1 19 1 1 1 1 1 1 1108 c 1105 
1126 

387 :^UJI 0 LJI 

1103 oLJl 

t329 tl62 oL^Jl 
t 520 t 497 c 466-465 t 339 
c612 c588 t 582 t 570 t 543 
1111 t 1107 tl084 

c511-510 t331 :^JUl aL^o 
t 588 t 585 c532-531 c521 
t 1117 t 1110 t 1107 tl084 
1128 t 1121 

349 : <^^> oL. 

1130 :o^aJI oL. 

tl008 i^L^Jl o^aJI «L« 
1044 tl042 

187 



J ^UJI J UUJI 5Ju*JI il^JI 
874 : (MLSS) £j>Jl ^LJI 

748 : IopUJI iaJaJl ^ 

128 1 112 il^JI 

333 : ^L*.JaJl 4jjw2jJ1 ilj^Jl 

185 :i.UI io^*^ 1 ^j-^ 1 
1 33 1 : ^jj «Jt 4^L^5\Jl ^Ij^Jl 
508 

332 

332 

325 : i^p^lll &L»£}\ il^Jl 
33 : 4j^ap*>Ul ^Ij^Jl 

t2007 : 19) *-^JI ^JJI y^y 
15 :(^LJI 

1130-1130 :i>J^u~J! oLJl 

1130 : L^Ij^u-I ^UJI oLJl 

784 : il>J! il^JI 

386 : Jj*LJI ^Ij^ 

30 :(^>JI oj^D J^JI 

73 ; JjjLS'L*! jj 

94-93 I^IjjIS^ 
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611 : J~JJ! 0L0 

349 : ZjL. jJ> oL. 

1097 :jijJc]\ ioU* .L. 

116-115 :jli^Jl 

886 '. ^ oLj^SLjLi^i 

112 : j^iiGl jli^Jl 

112 :^jJL^Jl jli^Jl 
887 (530 

68 ; J jjIl_«JI 

76 : ^JJl J aI yc^LJl 

76 (36 1 32 : >JJI ^ t^ 15 ^ 0 

- j - 

954 :o!JuUl 

617 : C~w2-<Jl ^Jbj>C~] oJbU 

864 (330 t98 (95 : ol^rJl 

-1060 c 189 1 178 c 130 : fc^Jl 
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